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A study was supported by SUS/STAR to investigate the fate of 
heavy metals in bridge runoff which are received by surrounding 
floodplains. Three bridge sites in Central Florida were selected 
and various locations in each site were sampled. Soil, plant and 
water samples were analyzed for Cd, Zn, Cu, Fe, Pb, Ni and CI. Sta-
tistical analysis of results for heavy metal content of plants and 
soils at control versus bridge sampling areas were conducted. In 
agreement with other investigators, Pb was found to be a good indi-
cator of highway pollution in soil, plants and water. 
Possible mechanisms for metal sorption were developed from 
laboratory sorption experiments. Soil capacities for lead increased 
with increasing pH, organic content, and soil buffering capacity. 
Also, information about the types of heavy metal compounds in a 
floodplain was obtained using various extraction solutions. 
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CH.APTER I 
INTRODUCTION 
Both legal and environmental factors must be considered when 
building highway bridges and fills on floodplain areas. The intent 
of Florida's water quality standards (Chapter 17-3 and 17-4, FAC) 
is to protect, maintain, and improve the existing quality of Florida's 
waters. Additionally, environmental impact assessment studies are 
required to satisfy guidelines for state and local agencies before 
building highway bridges and fills on floodplain areas as found 
in the U.S. Army Corps of Engineers permit procedures and in sec-
tion 4 (F) of the U.S. Department of Transportation Act (Schuldiner 
et al 1979}. 
Highway rtmoff contains Pb, Zn, Cu, Fe, Ni, Cr and Cd which 
will concentrate in the soils and plants at the edge of the pave-
ment (Pitt and 'Amy 1973; Sartor and Boyd 1972). Bell (1978) studied 
the retention of metals by roadside ditch environments and folllld 
that soils provided the greatest sink for heavy metals. In general, 
the use of overland flow with shallow ditch areas was shown to be 
effective for the control of runoff and its associated pollution 
content. Yousef (1982) presented data showing heavy metal concen-
trations, particularly Zn, Pb, Cr, Ni, Cu, Fe and Cd, were higher in 
bottom sediments and biota collected from Lake Ivanhoe beneath 
2 
bridges equipped with scupper drains than samples collected from be-
neath bridges without scupper drains. The same study indicated that 
water samples, sediments and biota collected from detention/retention 
basins that received highway bridge runoff in the Maitland Inter-
change area showed higher metal concentrations than samples collected 
from the nearby Lake Lucien. These studies concluded that soils 
under bridges were sinks for metals from highway rtmoff. Conse-
quently, .it may be proposed that floodplain areas receiving highway 
bridge runoff may be utilized to remove heavy metals and nutrients 
provided that no adverse effects on productivity or diversity of 
associated communities is noticed. 
Floodplains surround rivers and streams and become inundated 
in high water periods during wet seasons. Major wetlands may be 
found along floodplains of mature streams with low gradients. The 
distinction between floodplains and wetlands is based on abundant 
vegetation of submerged and transitional zone lands existing on 
site. Floodplains work similar to wetlands filtering out nutrients, 
metals, sediments and other pollutants from flowing water and store 
them within the ecosystem. The extent of their retention of heavy 
metals and llii..ghway related activities are not fully defined. The 
bio-accumulation of various existing plant species need to be iden-
tified. There is a growing concern over how effectively flood plain 
areas surrounding highway bridges retain heavy metals fotmd in high-
way runoff. In this project funded by SUS/STAR research was con-
ducted to define the role of floodplains - in highway bridge drainage. 
3 
Scope and Objectives 
This research study is designed to examine heavy metal concen-
trations for water, soil and plants of floodplain areas surrounding 
highway bridges. Additionally, some information about the reten-
tion and release mechanisms for metals is also studied. 
Specifically, the research was directed towards: 
1. Selection of three study sites, :namely I-4 and Padgett 
Creek, S.R. · 192 and Shingle Creek · and ~ s~R. 17-92 -and .Shingle Creek. 
2. Analysis of soil samples collected from floodplains adja-
cent to bridge sites. These samples have been exposed directly 
or indirectly to bridge rtmof f and compared with samples collected 
from control areas far £rom bridge impacts. 
3 . Retention and release of heavy metals by soil samples by 
laboratory sorption-desorption and extraction experiments were 
studied. This was particularly important in determining the magni-
tude and extent of heavy metal accumulation in floodplains. 
4. Brief analysis of plant heavy metal concentrations in bridge 
and control sampling areas. 
CHAPTER II 
SITE SELECTION 
Three sites were selected for investigations into the effects 
of highway bridge runoff on biological communities and diversity 
in the floodplain areas beneath the bridge. These sites were 
selected on the basis of accessibility, method and type of bridge 
drainage, traffic volume and extent of perturbation or disturbance 
by factors outside of the interest of study. Sites were selected 
at: (1) the intersection of Interstate-4 and Padgett Creek near 
Deltona, Florida, (2) the intersection of State Road 17-92 and 
Shingle Creek, south of Kissinnnee and (3) the intersection of State 
Road 192 and Shingle Creek, west of Kissimmee. 
I-4 and Padgett Creek 
Interstate-4 is a divided four-lane highway and is 32.2 feet 
wide each way and 152 feet long, with a 65 foot wide grassy median. 
Traffic flows in east and west directions with an average daily 
traffic comi.t of 14,232 vehicles in the eastbound lanes and 14,352 
vehicles westbound for 1981. 
Interstate-4 crosses Padgett Creek just before it empties into 
Lake Monroe (in Volusia County) by way of two separate two-lane 
bridges. On the eastbound lanes, stormwater drainage from the bridge 
area is accomplished by gravity sheet flow toward the center of the 
4 
5 
highway where it collects in the grassy median. On the westbound 
lanes, stortIMater flows toward the right-hand side of the bridge 
and roadway where it is collected and transported by means of a 
short curb and gutter system (Figure 1). Stormwater runoff is 
then removed from the roadway by diversion into a steep concrete 
swale which deposits the runoff into an earthen drainage ditch 
in a wetland area. Stormwater samples were collected from this con-
crete swale from the bridge_ runoff. It then flows through the 
ditch approximately 175 feet before entering Padgett Creek (Figure 
2 ). Because of the controlled and easily defined nature of the 
runoff collection system on the westbound side, this system was 
chosen for investigation. Sampling sites for plant identification 
and enumeration, soil analyses and biomass estimation were chosen 
(1) at the bottom of the concrete swale where it intersects the 
drainage ditch (S-1), (2) at the jt.mction of the drainage canal 
and Padgett Creek (S-2), and (3) a control site on an elevated ridge 
approximately 15 m. from site S-1. Figure ~3 shows a typical sam-
pling site at I-4 and Padgett Creek. 
At the intersection of the concrete swale and the drainage 
ditch (site S-1), a slightly higher elevation has allowed the es-
tablishment of invader species and a rather abrupt change in flora. 
In thi.s area, Elderberry, Pokeberry and Willow, along with several 
species of weeds, have become the dominant plants. No cattails or 
common reeds have been identi.fied in this area. Since the sides of 
























































































of a permanently wetted ditch bottom with a decreasing soil mois-
ture content as one moves up the sides and away from the ditch. Pop-
ulation counts of species identified in this area are listed in 
Table 1. 
The downstream area surrounding the drainage ditch on the 
westbound side near Padgett Creek (S-2) is low in elevation and can 
essentially be considered to be in the floodplain. The predominant 
plant species is overwhelmingly Giant or Connnon Read (Phragmites). 
Cattail reeds (TyPha) are also present in large numbers. The 
connnunity could be classified generally as Reed Marsh, topographi-
cally very low and flat, and for the most part, void of trees and 
shrubs. Population counts of identified species in the downstream 
area are listed in Table 1. 
The upstream contrpl site, which was located approximately 15 
m from the concrete swale, was topographically very similar to the 
downstream site (S-2), although it may be slightly higher in ele-
vation. The dominant flora at this site consists of Common Reed, 
although a few species of Elderberry, Willow and weed species have 
invaded. A listing of species identified in this area is given in 
Table 1. 
State Road 17-92 and Shingle Creek 
State Road 17-92 crosses Shingle Creek south of Kissi1l'Ullee in 
Osceola Cotmty, approximately 1 mile from Lake Tohopekaliga. The 





































































































































































































































































































daily traffic count of 7900 vehicles for 1981. The bridge which 
crosses Shingle Creek is approximately 317 feet long and 26 feet 
wide. The are~ beneath the bridge is a low wetland area which is 
inundated several times per year when Shingle Creek overflows its 
banks. Stormwater runoff is removed from the bridge area by a sys-
tem of numerous 4" scupper drains which drain directly onto the 
underlying wetland areas. In some locations, small channels have 
eroded in the soil and the drainage from some scuppers is trans-
ported directly into Shingle Creek. 
The general flora along Shingle Creek can be broadly categor-
ized as an Oak Hammock Community. Oak Hammocks are common in 
Florida where low terrain or floodplain surround ground where the 
elevation is such that normal flood waters rare.ly cover it. This 
higher ground allows hardwoods to establish an proliferate. Gen-
erally, the predominant species are oaks · (Quercus ~). Large oaks 
and cypress trees (Taxodium) dominate the community along Shingle 
Creek both in terms of numbers of trees and actual biomass. A 
large number of shrubs such as Myrtle (Baccharis and Myrica) and 
saw palmetto (Serenoa) are a lso p resent, typical of Oak Hammock 
communities. 
The bridge area along S.R. 17-92 at Shingle Creek, however, 
is a disturbed community due to bridge construction and is typi-
cally void of large trees (Figure 4). Invader species such as 
Panic Grass (P anicum) and . Dog Fennel (Eup atori um) have been ex-












































growth of some shrubs such as water primrose (Ludwigia) and some 
myrtle (Baccharis). However, no Oak or Cypress have yet gained a 
foothold or begun succession in the bridge areas. As seen in Table 
2 , the bridge area is dominated by the weed species Dog Fennel, 
with a few representatives of Sea Myrtle also present. Upstream 
and downstream areas are also dominated by Dog Fennel, but many 
additional species of trees and shrubs have been identified. 
Numerous sampling locations were selected beneath the bridge 
and in the surrounding areas to investigate the impacts of bridge 
runoff on the wetland area. Three sampling locations were estab-
lished beneath the bridge under scupper drains for collection of 
soil samples (sites S-1 , S- 2 and S-3). A fourth site (S-4) was 
selected beneath the bridge near the center in an area that was 
presumably not affected by bridge runoff to serve as a control for 
comparison of sites S-1 through S-3. Upstream and downstream con-
trol sites were established approximately 30 m in each direction 
from the bridge for soil samples and plant biomass estimates in 
areas unaffected by bridge runoff. Plant identification plots were 
selected near the bridge and in upstream and downstream areas for 
comparison of plant communities (Figure 5). Stormwater runoff was 
collected from the scupper drains as shown in Figure 6. 
State Road 192 and Shingle Creek 
State Road 192 crosses Shingle Creek approximately 5 miles 













































































































































































































































































































































































































































































































four-lane highway with a 45 feet wide grass median. The bridge 
sections, each of which is approximately 150 feet long and 20 feet 
wide, are also divided. The combined average daily traffic count 
was approximately 24,142 vehicles for 1981. Bridge runoff on each 
separate section travels by sheet flow to the right-hand side of 
each bridge and passes through scupper drains into the receiving 
areas below the bridge (Figures 7 and 8). In general, the sur-
rounding l and is low near the bridge area and along Shingle Creek 
with a gradual increase in ground elevation away from these areas. 
The wetland areas beneath and surrounding the bridge have been 
extensively modified by both bridge construction and recreational 
activi ties. The area within s everal hundred feet of the bridge 
area is void of all trees. The dominant plant species in the study 
is Panic Grass (Table 3). This species seems to be most dominant 
near the d r ainage areas where it is one of only three species pre-
sent. Alth ough Panic Grass is still by far the most dominant spe-
cies in both upstream and downstream areas, numerous other species 
have also been identified in these areas. 
Sampling sites for soil analyses were established beneath the 
upstream bridge section (Figure 9). Two sites were selected beneath 
scupper drains in the drainage pattern (S-1 and S-3) and one (S-2) 
was chosen directly beneath the center of the bridge so that it 
would be isolated from runoff events. S-1 and S-3 received some 
direct runoff from scupper drain_s, but also received indirect run-



































































































































































































































































































































































































































































































































































































































erosion especially at S-3. The drainage from some scuppers is trans-
ported directly into Shingle Creek. Additional control sites (S-4 
and S-5) were also selected approximately 30 m upstream and down-
stream. Plant identification plots were established between the 
two bridge sections in the drainage pattern and also in upstream 
and downstream areas. 
Site Description - Flora and Fauna 
I-4 and Padgett Creek 
The U.S.D.A. soil survey of Volusia County (1980) lists the 
soil type for this area as Bluff sandy clay loam. A loam is a 
soil material that is 7 to 27 percent clay particles, 28 to 50 
percent silt particles, and less than 52 percent sand particles. 
This type of soil is found bordering the St. John's River and is 
frequently flooded and poorly drained. Shells are found .in var-
ious places. Typically, the surface layer is sandy clay loam about 
14 inches thick with the upper 8 inches black and the lower 6 
inches dark gray. This soil is saturated for long periods at the 
surface during the wet season from June to November. The water ta-
ble may drop several feet during long dry periods. The available 
water capacity is high and permeability is slow. Natural vegeta-
tion is water tolerant plants, including sedges, pickerelweed, cat-
tail and some sawgrass. In places, there are hammocks of cabbage 
palm, live oak and cedar. 
23 
Listed below are soil characteristics of a site about 100 yards 
west of I-4, ~ mile south of borrow pit on floodplain adjacent to 
Lake Monroe as described by USDA Soil Survey of Volusia County. 
Depth = 2 - 8 inches 
Percentage passing sieve number 4 (4.76 mm) = 100 
Percentage passing sieve number 10 (2.0 mm) = 100 
Percentage passing sieve number 40 (0.42 mm) = 100 
Percentage passing sieve number 200 (0.074 mm) = 42 
For the top 5 inches, soil permeability was 0.2-0.6 in/hr, water 
capacity was 0.18- 0.20 gm/in, soil reaction pH was 5.6-7.3 and 
salinity was less than 2 mmhos. 
S.R. 192 and Shingle Creek 
From the U.S.D.A. soil survey of Osceola County, the soil 
type for this bridge type is Riviera fine sand, depressi.onal. 
This is a poorly drained, nearly level soil in depressions and on 
the edges of large lakes that have fluctuating water levels. 
Slopes are less than l percent. Typically, the surface layer is 
about 5 inches of very fine sand. ·water stands on the surface 
for 6 months or more in most years. The water table commonly 
recedes to several inches below the surface and sub-surface layer. 
Natural fertility and organic matter content are low. 
The native vegetation on this soil is a swamp of bald cypress, 
red mapl~, redbay, sweetbay, sweetgu~, tupelo, wax myrtl~, switch-
cane, smartweed, wild grape, lizard's tail, and a variety of sedges. 
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In their natural state, these soils provide watering places and 
feeding grounds for many kinds of wading birds and other wetland 
wildlife. Wetland plants also do very well in these soils. The 
water table generally recedes several inches below the surface dur- . 
ing extended dry periods. 
Depth = 0 -24 inches 
Percentage passing sieve number 4 = 100 
Percentage passing sieve number 10 = 100 
Percentage passing sieve number 40 80 100 
Percentage passing sieve number 200 = 4 12 
Fine sand permeability ranged from 6.0-2.0 inches/hour, the 
available water capacity was less than 0.05-0.08 In/in, soil reaction 
ranged from pH 4.5-6 . 5 and salinity was less than 2 mmhos/cm. 
S.R. 17-92 and Shingle Creek 
From U.S.D.A. soil survey of Osceola County area (1979) de-
notes the soil type for this area as Gentry fine sand. This was 
described as a very poorly drained, nearly level soil in narrow 
to broad drainage ways on floodplains and in small depressions in 
the flatwoods. Slopes are 1 to 2 percent. Typically, the surface 
layer is black fine sand about 24 inches thick. It was high or-
ganic matter content and contains very dark gray mottles. Sand 
is defined as separate, individual rock or mineral fragments from 
0.05 millimeter to 2.0 millimeters in diameter. As a texture 
class it is 85 percent or more sand and less than 10 percent clay. 
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The water table is within a depth of 10 inches for 6 months or 
more during the summer rainy season. Available water storage is lim-
ited in the surf ace layer and flooding occurs frequently during the 
summer rainy season. Permeability is moderate to moderately rapid 
in the surface layer. Natural fertility is moderate, and organic 
matter content is high. The native vegetation on this soil is a 
swamp bald cypress, red maple, redbay, sweetbay, sweetgum, tupelo, 
water hickory, water oak, buttonbush, green brier, wax myrtle, 
switchcane, s martweed, wild grape, lizard's tail and a variety of 
sedges. 
Depth = 0 - 24 inches 
Percentage passing sieve number 4 = 100 
Percentage passing sieve number 10 
Percentage passing sieve number 40 
100 
70-100 
Percentage passing sieve number 200 = 2-20 
Available water capacity ranged from 0.10-0.15 gm/in, permea-
bility ranged from 6.0-20 in/h!, soil reaction pH ranged from 
5.1-7.3 and salinity was less than 2 mmhos/cm. 
CHAPTER III 
METHODOLOGY 
Soil Samples Preparation and Analysis 
Soil samples 6" by 6" by 1/2" deep were collected at each bridge 
site in acid-washed glass or polyethylene screw · top containers. 
The. samples were brought to the UCF Environmental Engineering lab 
where they were stored and refrigerated until analysis. Roots and 
other foreign matter were removed from the soil samples before pre-
pared and analyzed for grain size distribution, percent moisture, 
percent organic and extractable metals. 
Composite soil samples for each bridge site were dried at lOS ! C 
for 18 hours and procedures in ASTM, part D (1975) for sieve analy-
sis were followed. A series of sieves were shaken in a mechanical 
shaker for particle size separation as follows: 










Also, other portions of soil samples were dried in tared cru-
cibles at 105°C for 18 hours to determine percent soil moisture 
content. A portion of the dried samples was ashed at 550°C for 12 
hours to measure percent loss on ignition. These measurements 
followed procedures outlined in Standard Methods for Examination 
of Water and Wastewater (1980). Procedure for measurement of soil 
pH was taken from Methods of Soil Analysis (1965). To 20 grams of 
composite soil sample in a 50 ml beaker, 20 ml of deionized water 
was added. After stirring for 30 minutes and letting stand for one 
hour to allow for clay particles to settle out, pH was measured by 
Orion Research Ionanalyzer Model 801A. Values are reported as 
soil pH measured in water. 
Extractable Metal Analysis 
A portion of dried sample was sieved through a 500 micron 
polyethylene sieve and ashed at 550°C for 12 hours. As specified 
in Standard Methods for Examination of Water and Wastewater (1980). 
approximately 1.5 grams of ashed sample was digested for metal 
analysis by gentle refluxing at 375°C in · 4 ml concentrated HN0 3 
and 20 ml glass distilled and deionized water (DI) for 4 hours. 
The initial concentration of nitric acid was 6N. Digested samples 
were vacuum filtered through. 50 mm, 0.45 micron pore size filter 
paper th.at had been previously acid rinsed. The filter soil was 
washed with 25 ml of DI. The total volume of the filtrate was 
bro_ught up to 100 ml in a volumetric flask. Samples were covered 
with parafilm if not analyzed immediately. 
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Prepared samples were analyzed on a Spectrametric Spectrospan 
III which employs direct current ~rgon plasma. The emission from 
the elements in their excited states are separated and focused by 
an Echelle. grating and slit system with a multichannel cassette. 
The microprocessor tmit interprets and sorts the signals from the 
photomultiplier and prints out the resulting values. The samples 
are analyzed three times by the emission spectrometer from a single 
sampling. All three values, their mean, and standard deviation are 
printed out. 
Calibration is accomplished by using standards that have been 
treated as samples (i.e., digested). After the instrument is cali-
brated with a standard and a blank, the standards are rechecked 
every 5 samples to measure any change in calibration, if any. I~ 
the drift is more than 10% . for any one element, a recalibration is 
made. The water, plants, and sediments have separate standards 
and reagent blanks. Concentrations of the metals in the standards 
are set close to the concentration of metals in the samples. Limit 
of detection is set at three times the standard deviation of three 
consecutive samplings of the reagent blank (Mac Dougall 1980). If 
necessary, samples were corrected for drift and reagent blank values. 
Dissolved Oxygen Measurement 
Dissolved oxygen content was monitored to insure aerobic en-
vironment in mixing containers. Dissolved oxygen meter YSI Model 
5414 was first standardized for oxygen, then reactor bottles were 
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uncapped and the react~ng solutions checked for dissolved oxygen. 
Solids in reacti.ng solutions were first allowed to settle before 
dissolved oxygen measurements. 
Metal Release 
Soil samples collected from all stations at each bridge loca-
tion were combined together in a 2.0 liter pyrex beaker, and dried 
at 105 ° C for 24 hours. Then the soil composite was ground with 
mortar and pestle, and passed through a 500 micron polyethylene 
sieve. The sieve composited soil was then stored in an air-tight 
polyethylene bottle at room temperature until release analysis was 
performed. 
Five grams of composited soil samples and 100 ml of extrac-
tant solution were mixed in reaction bottles, sealed and agitated 
for 7 days. The final pH values were measured using an Orion Re-
search Ionanalyzer Model 801A. Then, after a 50 ml sample was 
taken out , of each reactor, it was filtered using a millipore syringe 
filter~ng apparatus. The pH of the sample was then brought down 
to less than 2.0 with concentrated HN0
3 
and parafilmed if not 
immediately analyzed. Samples were analyzed for Cd, Zn, Cu, Fe, 
Pb, Ni and Cr using emission spectrometry as described nnder ex-
tractable metal analysis.. Extractant solutions were used as 
follows: (1) O.l -N hydrochloric acid, (2) O.lN ammonium acetate, 
(3) O.lN calcium chloride, and (4) stormwater runoff from the 
br~dge site. Additionally, total n .itric acid extractable metal 
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analysis of three representative composite soil samples from 
each bri.dge site was performed. Additional extraction experiments 
were designed after those used by Khalid .et al. (1977) as follows. 
Water Soluble 
Ten. grams of composited so.il was mixed with 100 ml of dis-
tilled deionized water in a 250 ml screw top polyethylene bottle. 
After being mixed on a mechanical shaker for 24 hours, the soil was 
allowed to settle. The supeniatant was then vacuum filtered with 
acid washed 0 . 45 micro pore size filter then preserved with 4 ml of 
O.SN Ethylene Diamine Tetracetic Acid (EDTA). EDTA was used in-
stead of concentrated acid to prevent the precipitation of organic 
compounds. Due to the low concentration of metals, the sample vol-
umes were reduced by evaporation to 25 ml total volume. Reagent 
b l anks were also prepared following the same procedures used in 
sample preparation. Samples were parafilmed and stored in a re-
frigerator until analysi.s for metals. 
Soluble CoJ!lPlexed Ions 
Filtered supernatant from samples prepared as previously 
preserved for the water soluble samples were used. One-hundred 
ml of the supernatant was mixed with 11.. 0 gram of Chelex--100 resin 
(50-100 mesh) in a 250 ml polyet!Lylene bottle and agitated for 2 
hours on a mechanical shaker. The resin was then filtered out with 
acid washed 0.45 micron pore size filters and 4 ml of 0.5N EDTA 
was added. The sample was then evaporated down to 25 ml total 
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volume, parafilmed, and stored in a ref~igerator until analysis 
f6r metals. 
Exchangeable 
Ten grams of composited soil was mixed with 100 ml of lN sodium 
acetate (NaAc) in a 250 ml polyethylene bottle. The pH of each 
mixture was adjusted to the soil pH by adding lN HCl. After agi-
tation on a mechanical shaker for 2 hours, the soil was allowed to 
settle out. The supernatant was filtered and placed in a sample 
beaker. The remaining soil in the bottle was mixed with additional 
50 ml of distilled deionized water for 15 minutes. This superna-
tant was also filtered. The total filtrate volume was 150 ml. 
Four ml of 0. 5N EDTA was added to the filtrate before it was eva-
porated down to 25 ml total volume. The samples were analyzed for 
metals along with their reagent blanks. It was found that the 
sodium concentration was too high for metal analysis and . the sam-
ples were diluted 1:10 for plasma spectrometer analysis. 
Reducible 
Five grams of dry composited soil was mixed with 100 ml of a 
solution with O.lSM oxalic acid and 0.25M ammonium oxalate. The 
pH of the oxalate extractant was adjusted to pH 7.0 with 25 ml of 
concentrated NH
4
0H. The mixture was agitated for 2 hours in a 
250 ml polyethylene bottle by a mechanical shaker. After the soil 
has settled, the . supernatant was filtered and saved. The remaining 
soil was washed with 50 ml of distilled deionized water and was 
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agitated again for 15 minutes. The supernatant was filtered again 
and added to the first 100 ml. Four ml of 0.5N EDTA was added and 
the sample was evaporated down to 100 ml total volume. As with the 
other extractions, samples were parafilmed and stored in a refri-
gerator. Also, reagent blanks were prepared and nm with the sam-
ples. 
Diethylene Triamine Penta Acetic 
Acid (DTPA) Extractable 
Ten grams of composited soil was mixed with 100 ml of a solu-
tion containing O.OSM DTPA, 0.2M DTPA and 0.2M sodium acetate that had 
been adjusted to pH 7. 0. . After being agitated for 2 hours on a 
mechanical shaker, the mixture was allowed to settle. The super-
natant was filtered and the remaining soils were washed with 50 ml 
of deionized distilled water. The supernatant was filtered and 
composited with the first 100 ml. No preservative was added to 
the sample. The sample was evaporated down to 100 ml total volume 
and parafilmed for refrigerated storage until metal analysis. 
Nitric Acid Extractable 
The same procedure was followed that was used for total ex-
tractable metals from sediments. 
Sorption Studies 
Soil was first prepared as composite samples similar to the pro-
cedure .in Extractable Metal Analysis. 0. 5 grams of oven-dried soil 
was weighed on a Metler balance and placed in a 125 ml acid-washed 
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polyethylene bottle. Additional bottles were used for blanks and 
control samples. Blanks contained solutions of metal standards 
without soil, while control bottles contained a mixture of 0.50 
composited soil and 100 ml of glass-distilled deionized water only. 
pH values of all solutions were measured. 
Lead Sorption 
To test the sorption capabilities of the soil samples, trial 
methods were used and modified until an acceptable procedure was 
developed. 
Lead stock standards of 1000 ppm were prepared as specified 
in Standard Methods for Examination of Water and Waste (1982) using 
PbN0
3 
in dilute nitric acid. Dilution of 100 ppm concentrations 
were made and added to soil samples of 0.5 grams. Control and 
blank bottles were also prepared. The sealed containers were then 
placed on a mechanical shaker and agitated for 7 days at room tem-
perature. The final pH of each sample was recorded and found to 
be low due to the acidity of the lead standard. The final pH val-
ues ranged from 2.08 to 6.11. Filtrate samples were prepared for 
analysis by removing approximately 10 ml from the top of the settled 
soil reaction mixtures. This portion was vacuum filtered through 
0.45 micron pore size filter paper. Five ml of this filtered sam-
ple was diluted to 50 ml in a volumetric flask, the pH adjusted 
to below 2.0 with concentrated HN0
3
, and were analyzed by emission 
spectroscopy. It was shown that little, if any, lead was adsorbed, 
most likely due to the low pH of the reacting solutions. 
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The next step was to find buffering solutions to maintain the 
pH of the· reacti_ng mixtures of lead and soil. For this informa-
tion, the Handbook of Chemistry and Physics (1981) was consulted. 
The buffering solution for pH 5.0 and 7.0 consisted of sodium hy-
droxide and either potassium hydrogen or dihydrogen phthalate. 
These buffering solutions proved unsuccessful due to the formation 
of a white precipitate. It appeared that lead had precipitated 
out of solution into the soil sample. 
To minimize acidity, a new standard of PbN0
3 
was prepared with-
out addition of HN0
3
• This standard was checked against a commer-
cially prepared standard and was found acceptable. Using this 
acid-free standard solution and soil samples required little or 
no pH adjustment. Sorption studies were conducted at pH 5.0, ~ .O 
and 9.0 for 24 hours contact time. Lead concentrations of 50, 





0H at the start, finish and also periodically 
throughout the 24 hour reaction period. A 7-day sorption study 
was done only at pH 7. 0, with pH checked every day. 
Additionally, another sorption study was nm in a mixture of 
stormwater runoff and soil. Only the S.R. 17-92 and Shingle Creek 
site was used. In 900 ml of stormwater runoff, 100 ml of 1000 ppm 
lead standard was added to give a final concentration of 100 ppm. 
Blank and control bottles were also set up. Samples were removed 
and filtered at O, 5 min, 30 min, 1 hour, 3 hours, 6 hours and 
24 hours. These samples were then acidified below pH = 2.0 and 
stored to 'be analyzed for lead later. 
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Samples were prepared for metal analysis by using a millipore 
syringe filter~ng apparatus to filter · supernatant from the· reactor 
containers through Metricel GN-6, 0.45 micron pore size filtering 
paper. No dilution of these filtered samples was made tmless folllld 
necessary after preliminary metal analysis. Samples not analyzed 
innnediately were parafilmed and stored at room temperature. 
Water Preparation and Analysis 
Water samples were collected from bridge runoff, adjacent 
streams and water bodies to the bridge sites selected for this 
study. For the I-4 bridge site, water samples were taken from Pad-
gett Creek and from the ditch conveying stormwater runoff down-
stream from the concrete swale to Padgett Creek as well as bridge 
runoff from the concrete swale. At S.R. 17-92, water samples were 
taken frDm ·Shingle Creek and from a pond located t.m.derneath the 
south end of the bridge as well as bri.dge runoff from the scupper 
drains. S.R. 192 water samples were collected from Shingle Creek 
water and bri.dge rl.llloff from the scupper drains. 
Water samples were preserved with 5 ml of concentrated HN0 3 
for every 1 liter of sample collected. For total metals, a well 
mixed sample was used and for dissolved metals, the sample was 
vacuum filtered using 0.45 micron pore size ·acid-washed filter 
paper. One-hundred milliliter samples were m.easured by a gradu-
ated· cylinder and evaporated down to 25 ml with 2 ml of concen-
trated HN0
3 
in a 250 ml beak.er and a filter paper cover •. 
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D.igested water samples were filtered thro.ugh 0. 45 micron pore size 
filters before measuring the total metal concentration. Metal 
analysis was performed following the same procedures for plants and 
soils. Specific re.agent blanks and standards were prepared for 
water samples. 
Plant Preparation and Analysis 
Selected plant species were collected from various sampling 
sites depending on their availability. It was evident ) that not 
all species sampled were available at all sites within a selected 
bridge location and at every sampling time. Green and healthy plants 
were collected; however, dry and dead plants were avoided. For 
example, Baccharis Halimfolia was only present at the S-3 site 
of bridge locations at S.R. 192 and Shingle Creek. Plants collected 
from the field were rinsed with distilled deionized water to remove 
dirt and air particulates. Then the plants were air-dried at 
room temperature for approximately 4 hours. Moisture analysis in-
volved dryi.ng the plants at :_l05°C in tared crucibles for 18 hours. 
Then the samples were ashed at 550°C for 12 hours to measure loss 
on ignition. Approximately 0. 6 g of ashed plant sample was placed 
on a beak.er with 4 ml concentrated HN0
3 
and 20 ml of water (i.e., 
6N HN0
3
) and a watch glass cover was placed on top. After two hours 
of gentle reflux at 375°C, the samples were vacuum filtered through 
acid-rinsed 0.45 micron pore size filters. Total volume of the 
filtered samples were brought up to 50 ml in a volumetric flask. 
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Reagent blanks and standards were prepared similarly. Samples 
were covered with parafilm if not innnediately analyzed and stored 
at room temperature. 
CHAPTER IV 
LITERATURE REVIEW 
Sources of Pollutants in Highway Runoff 
Pollutants in highway runoff have several sources: road sur-
face degradation, vehicle lubricants, vehicle exhaust emissions, 
spillage from vehicle cargos, degradation of automobile tires, road 
surface cleaning/deicing and rainfall (Pope et al. 1978). Some of 
the pollutants found in traffic related use are BOD
5
, COD, phos-
phates, nitrates, coliforms, pesticides, herbicides and heavy me-
tals. Loadings of the traffic related depositions are proportion-
al to total traffic and might arise directly (tire rubber, motor 
oil) or indirectly (abraded materials from roadway surfaces) from 
the motor vehicle (Gupta et al. 1981). The majority of traffic 
related materials deposited on roadways do not originate directly 
from the motor vehicle (Shaheen 1975). Much of the street dusts 
are composed of local soil components .and, to a lesser extent, pro-
ducts abraded from the roadway surfaces and are largely inorganic. 
Less than 5% by weight was reported by Shaheen (1975) to be directly 
from motor vehicles; however, among these are the most important 
pollutants by virtue of their toxicity. Heavy metals are an example 
of the toxic pollutants, with Pb, Zn, Cu, Ni and Cr found in the 
literature most often as heavy metals associated with highway use. 
38 
39 
In Table 4 below, heavy metal concentrations of ~ghway rl.lll.off 
are listed which were collected for a project funded by the · Federal 
Highway Administration (Gupta et · al. 1981). As seen from this table, 
Pb, . Zn, Fe, Cu, Cd, Cr and Ni have been detected in highway rl.lll.off. 
Of these metals, Fe > Ni > Pb > Zn > Cu > Cd : Cr in decreasing 
order. Heavy metals are derived from various vehicle related sources. 
TABLE 4 
HEAVY METAL CONCENTRATIONS IN HIGHWAY RUNOFF BETWEEN 














Average** Range Average Maximum 
0.96 0.02-13.1 0.058 0.48 
0.41 0.01- 3.4 0.022 0.12 
10.3 0.1 -45.0 a.so 3 . .5 
0.10 0.01- 0.88 0.0056 0.029 
0.040 0.01- 0.40 0.0017 0.14 
0.040 0.01- 0.14 0.0028 0.29 
9.92 0.1 -49.0 0.27 1. 33 
One site was an elevated brLdge paved only, one site was an 
all grassy ~ight--Of-way area (unpaved only), and the averages 
for all the other four sites included both. paved and unpaved. 
Average of 151 storm events. 
SOURCE: Gupta, 1981. 
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The . principal source of lead is the use of leaded fuels by 
highway vehicles. Tetramethyl and tetraethyl lead are added to !_, 
gasoline as anti-knock ingredients in concentrations r~ging from 
550 mg/l in the U.K. to 150 mg/l in West Germany and 530 to 1060 
mg/l for tetraethyl lead in the United States (Hall 1972). Lazrus 
et al. (1970) determined heavy metal concentrations in precipita-
tion and found that lead loading in urban development correlated 
well to the sale of gasoline in the vicinity of the rain sampling 
stations. Some of the lead in highway rtmoff is also derived from 
tir e wear where lead oxide is used as a filler material (Shaheen 
1975). 
Large magnetic fractions, found in the roadway deposits in 
Washington, D.C. (Shaheen 1975), indicated that large amounts of 
ferrous iron may be present in roadway pollutant accumulations. 
Some of the magnetic materials are deposited as a result of corro-
sion of motor vehicle bodies, engines and exhaust systems; and 
other steel (such as guard rails, etc.), normally, incorporated 
in the construction of the highway system. 
Zinc is also used as a filler material in tires and in high 
concentrati_ons as a stabilizing additive in motor oil (Gupta 1981). 
Cadm:lum is con cent rated in zinc bear~ng sulfide ores and conse-
quently in all zinc contain~ng products. Cadmium is also thought 
to o~iginate from automobile ti.re wear (Sartor et al. 1974). Cop-
per, which. i.s used to increase the mechanical strength and heat 
dissipation properties of brake linings, is deposited as a result 
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of brake wear. Copper, nickel · and chromium result from weari.ng of 
metal- plati?g, bearings, bushings, and moving parts within the · 
engine. (Shaheen 1975). 
Further evidence to the relationsh~p between motor vehicle 
use and heavy metal contamination is the increase in heavy metal con-
centrations associated with increased traffic volume (Oliver 1974; 
Malmquist 1978; Shaheen 1975; VanHassel et al. 1979). Helsel et 
al. (1979) determined that a good multiple correlation existed be-
tween concentrations of Pb, Zn, and Cr and traffic volume and 
percent impervious cover. Indicating that vehlcles are a major 
source of these metals and that impervious areas deliver these pol-
lutants to the drainage systems effectively. 
Characterization ~d Transport Mechanisms 
of Roadside Heayy Metals 
Two types of heavy metal transport mechanisms that can occur 
in a highway environment are: airborne <lispers.al and surface trans-
port. The extent of airborne dispersal is a fWlction of particle 
size of the exhausted metal. In the case of lead, it was reported 
to be emitted in two distinct particle size ranges (Rabbi et al. 
1973; Ganley and Springer 1974). Small particles (less than one 
micrometer} remained suspended for l~nger and, therefore, were 
found predominantly at a distance away from the highway (Daines 
et al. 1970), while the l~rger · rrcoarsen. particles of the range 5-50 
µm and 300-3000 µm were found close to the source. Ter Harr et al. 
(1972) tested the emissions from 26 cars and reported that for 
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speeds of 25 and 45 mph, 84% of the lead particulates were smaller 
than 5 micrometers. Lee et al. ( 1971) reported that 95% of the 
measured lead in auto exhaust were associated with particles smal-
ler than 5 micrometers at speeds of between · 30 and 50 mph. Aras 
et al. (1975) studied urban air to evaluate particle size distribu-
tions using instrumental photon activation analysis (IPAA). Results 
showed that Ni, Pb, Zn and As were located predominantly on the 
smaller particles (less than 10 micrometers), which were similar to 
the size formed from high temperature combustion and re-entrainment. 
It was then realized that vehicle induced re-entrainment could 
become a mechanism by which larger non-suspendable dirt and dust 
were ground into smaller particles by the vehicle!s wheels. 
These smaller particles were then able to become airborne. Large 
particles were associated with such metals as Ca, Ti and Zr and 
were reported to originate from natural abrasions. From a study 
of curb dusts in a small city of Champaign-Urbana, Illinois (Linton 
1980), 67% by weight of total lead detected was associated with 
particle sizes of 45-250 µm. Higher density particulate matters 
(> 3.3 g/m3) contained 86% Pb by weight. Pitt and Amy (1973) con-
cluded from their study of four ci.ties (Tulsa, San Jose, Baltimore 
and Seattle) that more th.an 50% of all c4, Fe, Ni, Cr, Cu, Pb and 
Zn were found associated with particles in size ranges smaller 
than 495 µm. They found that more than one-half of the heavy 
metals fovnd on the streets would remain after sweeping. In 
a study by Malmquist (1978) of a residential area· on the outskirts 
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of Gotebor.g, Swede?, the atmospheric fallout was found to contribute 
significantly to the stormwater pollutants. The heavy metal in the 
fallout caused between 7 and 40% of the heavy met.als in stormwater. 
Dry deposition has been linked to 50% of the lead deposition to vari-
ous sites in the United Kingdom (Cawse 1974). The rate of lead de-
position was decreased with increasing distance from the source. 
Concentrations reached background levels at 30 meters from the high-
way (Rolfe and Jennett 1975). 
Precipitation removed suspended airborne particles and deposited 
dus t fall on the impervious roadway surfaces. It has been suggested 
that washof f may be a more important contributor to receiving streams 
than dry deposition. Significant amounts of pollutants were also 
c.ollected after long dry periods (Randall et al. 1978; Malmquist 
1978). In a two year study on a 4.6 mile stretch of the Saddle 
River near Lodi, New Jersey (Wilbnerand Hunter 1977) reco.rded ele-
ven storms and monitored both the rainfall and stormwater from 
three urbanized drainage basins. The heavy metal concentrations 
(mg/l) in rainfall samples as compared to stormwater runoff samples 
averaged 5.2%, 9.4.%, 3.6.%, 5.3% and 5.2% for Pb, Z?, Cu, Ni and Cr, 
respectively. In contrast, Randall et al. (1979) in a study of a 
Washington, D.C. urban area reported that the relative concentra-
tions of extractable metals (gram/gram) in precipitation and dust-
fall were 61.0%, 94 .. 3.%, 80.0.%, 45.4% and ·93.4% for .Pb,° Z?, C:r, Fe 
and Cu, respectively. One study showed that bulk precipitation 
approximated the concentration of Pb and As found in stormwater, 
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while Fe, Mn, Mg and Cu concentrations were lower than anticipated 
(Barkdoll et al. 1977). The trend is for Fe, Zn and Pb to be washed 
out in the early stages of precipitation events (Randall et al. 1978). 
The relative concentration in precipitation and stormwater runoff 
is probably affected by accumulation of solids during the antece-
dent dry period, soil leaching, and corrosion. 
Sartor and Boyd (1974) studied the effect of washing off of 
pollutants from impervious surfaces on stormwater quality. They 
developed a relationship for particle removal, rainfall intensity 
and duration: 
N = N (1 - e-krt) 
c 0 
N = weight of material of a given particle size removed 
c 
N = initial weight of material of a given particle size 
0 
t = duration of rainfall (hours) 
r = rainfall intensity (in/hr) 
k = constant depending on street surf ace characteristics 
and independent of particle s ·ize within range of 10 
to 1000 µm 
The equation demonstrated how increasing intensity and duration 
of storm events will increase the removal efficiency of a given par-
ticle size. Pope et al. (1978), in a study of a highway in England 
found that Pb and Zn levels reached a peak with a critical runoff 
flow of 0.5 l/se~, whereas C~, Cr, Cu and Ni are removed with flows 
of 0.0.3, 0.5_5, 1.0 and 1.0 l/se~, respectively. Pope attributes the 
differences in critical flow velocities for each metal to their 
association with different particle sizes. Helsel (1979) reported 
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increasing heavy metal concentrations with increased imperviousness, 
ground slop_e, urbanization and industrialization. Increasing ur-
banization results in greater stormwater which will enhance solids 
removal and transport. Reinersten (1981), in a stormwater runoff 
study from a busy street (9,000 vehicles/day), found a good correla-
tion (r = 0.88 by Pearson correlation analysis) between solids and 
Pb content of stormwater runoff. Most of Pb (90%) was found as par-
ticulate bound with the soluble fraction less than 10% for all sam-
ples. Reinersten proposed a detailed model for concentrations of a 
pollutant in the stormwater runoff. 
Concentration of pollutants (mg/l) = y - a - B - S + K 
where: 
y runoff volume factor 
Ct = traffic intensity factor 
B = conversion factor for various chemical parameters 
s surf ace concentration in mg/m 3 = 
K = constant 





C = Sr - CBS 
=mean concentration (flow weighted), mg/l 
= surface concentrations, relative to that of a busy street 
= mean concentrations in runoff from a busy street (flow 
weighted), mg/1 
Values of Sr and CBS for lead were reported to be. 1. 0 and 0 . .45 mg/l, 
respectively, for busy streets with traffic density>5000 vehicles/hr. 
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From the Saddle River study, Wilbner and Hunter (1977) observed 
peak concentrations for Pb, Zn, Cu, Ni and Cr shortly after the 
initiation of runoff (usually within 30 minutes). Eleven storms 
were monitored from three urban drainage basins and with the excep-
tion of Pb peak concentrations of the metals generally extended 
over a short period of time, usually in the range of 10 to 20 min-
utes. Shaheen (1975) reported a study of an overpass at I-495 in 
Washington, D.C. Runoff water quality data indicated the first 
flush effect in which Pb and Zn were initially high and then fell 
off after 160 to 200 minutes after the start of runoff. Concen-
trations of these metals tended to increase again following a sub-
sequent increase in the runoff flow rate. The initial flushing of 
the road surfaces does not insure solubilization of heavy metals 
(Helsel et al. 1978). In a study by Pope et al. (1978) in which 
metal concentrations were related to flow, it was discovered that 
lead levels are relatively constant throughout the storms. This 
may have indicated that lead particulates emitted from vehicles have 
a low tendency to dissolve on first flush. Revitt and Ellis (1978) 
used dustfall samples and rainwater collected at various highway 
sites in northwest London, England for laboratory sorption-desorption 
experiments. After 30 days of agitation, the rainfall (pH 6.5) 
solubilized less than 1% of the total Pb and Mn and less than 1% of 
the total Cd in the dustfall samples. For these highway rainfall-
dustfall sample~, there were no significant differences in the metal 
leachates from sediments > 250µ and < 250µ particle s ·ize fractions. 
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Concentration of Heavy Metals by Soil 
and Plants .Adjacent to Highways 
Randall et al (1979) studied Zn, Pb, Cr, and Cu concentrations 
in urban runoff in which the main contributor was automobile emis-
sions. By comparing mass loads in precipitation to those in runoff, 
it was found that the land generally provided a sink for heavy me-
tals. The notable exception was lead from runoff on highly imper-
vious urban sites, which had 714 percent more mass in the runoff 
than in the precipitation. In an assessment of the reservoir down-
stream from Washington, D.C., Randall showed that urban runoff will 
increase the downstream concentrations of heavy metals in the sedi-
ment, detritus and biota. This influx of metals into the roadside 
soil, vegetation and water is magnified by bioaccumulation. Howell 
(1979) conducted a study on the effect of pavement highway runoff 
on the algal population. Algal growth tended to be inhibited by a 
1.0 percent solution of highway runoff that contained the following 
amounts of heavy metals: >7.6 ppm F~, 0.98 ppm Pb, 2.2 ppm Zn and 
smaller concentrations of Cd, c:r, Cu and Ni. Wanielista et al. ( 1980) 
investigated the impact of I-4 bridge runoff on adjacent receiving 
water bodies in Orange County, Florida. Heavy metal concentrations 
in runoff water samples were measured. The total concentrations 
averaged 498 µg/l for Zn, 5 µg/l for Cd, 11 µg/l for Cr, 53 µg/l 
for N~, 52 µg/l for Cu, 2429 µg/l ·for Fe and 1558 µg/l for Pb. It 
was reported that most of the heavy metals at both the Lake Ivanhoe 
and Maitland Interchange sites were associated with the bottom 
sediment_s, dissolved fraction and particulate fraction of the water 
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colunm, respectively, for both study sites. Similar results were 
found for F~, Cu, Zn, Ni and Cr. An insignificant amount of the 
total heavy metal mass was associated with the biota of the two 
sites. 
Heavy metal accumulation in sediments for Wapato Lake in Tacoma, 
Washington was reported by Wisseman and Cook (1977). Cr, Pb, Zn and 
Cd have a negative correlation between concentration and distance 
from a conduit draining an interstate highway and city streets. 
Emergent vegetation at the lake's northern end slowed water move-
ment from the storm drain and allowed a significant portion of par-
ticulate matter to settle out. No significant correlation was found 
for Ni which had a high variability. 
Terrestrial plants such as grasses · (Paspalum dilatatum) and 
Clover (Trifolium repens) were studied by Ward et al. (1977). For 
concentrations of Cr, Cu, Ni and Pb, white clover was 2 t ·o 5 
times higher than the gras.s, representing a plant specificity in 
heavy metal burdens. Correlation coefficients were used to deter-
mine if increasing heavy metal concentrations in soil caused in-
creases in plant concentrations. Most of the species tested in 
this study showed a vegetation to soil correlation for C~, Pb and 
N_i, but only white clover and Papsalum grass gave a plant to soil 
relationship for Zn and Cr. Bell and Wanielista (1979) analyzed road-
side animal~, plants, soils and surface ditch water for Pb, Z?, Cr, 
C~, Cd and Ni. Concentrations in animals were found to be many 
times greater than the heavy metal concentrations in plant~, soils 
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or surface water. Animals such as grubs and minnows contained 6.5, 
24.3, 995 times more lead than plant~, soils and surface water, 
respectively. Plant life had the next to highest concentrations 
for heavy metals indicating uptake from the roadside depositions. 
Comparing total lead mass in animals to the other sinks showed that 
lead associated with roadside soils was 5000 times greate~, plants 
was 50 times greater, and surface water was 35 times greater than 
that associated with animals. Accumulation of lead in the soil 
has also been monitored by Milberg et al. (1980) along with a new 
north-south intersection of I-95 at Beltsville, Maryland. Lead 
concentrations accumulating in the top 10 cm of soil since 1971 have 
been correlated with the leaded fuel-burning traffic. Garcia-
Miragaya et al. (1981) studied Pb and Zn concentrations of road-
side soils in Caracas, Venezuela. In the top 0-5 cm of roadside 
soi~, the author reports average enrichment factor for Pb . as 151.4 
and for Zn as 5.25, representing a higher concentration of Pb than 
of Zn. Also, Beyer (1980) detected elevated levels of lead in 
Eastern Tent Catepillars habitating near a major highway. Values 
of lead content were 7.1 to 7.4 ppm within 10 meters and lowered by 
50 percent further away. Concentrations in the catepillars averaged 
76% as those in leaves of their host plant · (Punis serotina). An 
added biological significance is in the results from a study by Gish 
and Christensen (1973) which showed earth worms had accumulated up 
to 331.4 ppm of Pb and 670 ppm of Zn; concentrations considered by 
the author to be lethal to earth worm eating animals. 
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Heavy metals concentrations in topsoil, especially Pb, may 
create conditions adverse to the quality of roadside crops. Aerial 
pollution loads on several edible plants were surveyed by McLean 
and Shields (1977). Pb content increased as a greater surface area 
was exposed with growth of the plant. This agreed with work done 
by Ward et al. (1977). McLean and Shields also found that lead 
content of crops at all four sites generally decreased, relative to 
their distance from the road. They further reported that in a num-
ber of cases, correlation coefficients for plant Pb content versus 
distance were significant at the 5% level of probability. The 
greatest drops in Pb concentration occurred between the 20 and 50 
m samples. Ward et al. (1977) measured Cr, Cu, Pb and Ni in unwashed 
plants near different interchanges of Auckland Motorway, New Zealand. 
Of the heavy metals in Table 5 belo~, Pb had the greatest differ-
ence in concentration between plants sampled away from the 
TABLE 5 
MEAN CONCENTRATIONS (µg/g dry weight) OF HEAVY 
METALS FOR VEGETATION FROM 17 INTERCHANGES 
(Grouped According to Traffic Density) 
Mean Traffic 
Number of Heavy Metal Concentration 
Density 
(.vehicles I day) Interchanges Cr Cu Ni Pb 
> 50,000 5 4.0 30 3.7 350 
40,000 - 50,000 5 3.1 23 4.3 320 
20,000 - 39,000 4 2.6 17 3.0 270 
10,000 - 19,000 3 2.4 13 2.6 140 
Background - 0.6 10 0.9 5 
SOURCE: Ward et al. (1977) 
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the interchanges (background) and plants sampled · near the highway. 
Wong and Tam (1978) also found that crops growing near the 
highway had higher levels of Pb with soil levels from 80 ppm at 1 
m to 48 ppm at 15 m from the pavement. They reported up to 50% 
less in Pb levels from washing plants before analysis. The results 
of the Pb content demonstrated that Brassica alboglabia had up to 
150 ppm Pb in the roots, 50 ppm in the stem, and 80 ppm in the leaf. 
It was reported that a pattern between soil Pb content and the Pb 
content in different organs demonstrated the root system. This 
concurs with Lagerweriff (1970) who also revealed that nearly all 
the lead in the roots and 60 percent of that in the tops was found 
in the soil He also found that the aerial contamination was only 
on the outer surface of the plant and not absorbed. 
Isotherms for Metal Sorption 
Sorption processes include both adsorption and absorption, 
and involves the movement of a component from one phase to be ac-
cumulated in another, particularly when the second phase is solid 
(Weber 1972). The adsorption process is very fast, on the order 
of minutes, and extensive (Goodgal, Gloyna and Carrit 1954), while 
absorption process is slow, on the order of hours to days. These 
processes influence the distribution of heavy metals between dis-
solved and particulate phases in natural water systems. Large sur-
face area materials as clay minerals, freshly precipitated iron 
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hydroxides, amorphous silic acids and organic substance~, are capa-
ble of sorbing cations from solution and releasing equivalent amounts 
of other cations (Forstner and Wittman 1979). Furthermore, all 
fine-grained materials with a large surface area are capable of 
accumulating heavy metals at the solid-liquid interface as a result 
of intermolecular forces by adsorption. Sorption processe.s, in-
eluding absorption and adsorption processe.s, in soil-water systems 
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= the equilibrium concentration of metal remaining 
in solution 
= constants 
Equation (1) is called the Freundlich Isotherm while equation (2) 
is called the Langmuir Adsorption Isotherm. The Freundlich equa-
tion is basica:J_ly empirical, with n > 1 (Weber 1972). Generally, 
good agreement exists between the Freundlich and Langmuir equation 
applied to experimental data over moderate ranges of initial con-
centrations (Weber 1972). Among factors influencing adsorption are 
surface area available, pH and temperature. 
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A study of the capacity of solids to sorb metal ions was con-
ducted by Guy and Chakrabarti (1975). The sorption of the metals 
Cu, Pb, Cd and Zn onto humic acid and the hydrous oxides was found 
to follow Langmuir isotherms, whereas sorption onto bentonite fol-
lowed Freundlich isotherms. The capacity of the solids to sorb 
heavy metals decreased in the order: Mno
2 
> humic acid > iron 
oxide >clay, whereas the metals were sorbed in the order: Pb(II) 
- Cu(Il) > Cd(II) - Zn(II) > Ca(II). Another investigation by 
Suzuki et al. (1979) used batch adsorption experiments using an 
aqueous solution of Cd with 14 sediment samples from the Tama Ri-
ver. The amount of metal adsorbed was correlated to ignition loss 
and could be fitted to a Freundlich isotherm. Various sediment sam-
ples of known weights were mixed with aqueous solutions of Cd (15 
mg/l). The constant n ranged from 1.4 to 2.0 g/1 and K values 
ranged from 0.15 to 7.5 g/l. Zindahl and Skogerboe {1977) reported 
on rates of Pb uptake by 17 different soil types from areas all 
across the United States. The types of soil ranged from loamy 
sands to silty clay loam and also included one muck sample. It was 
determined that for the 10-30°C range, the immobilization rate was 
independent of temperature. All of the soils exhibited a Langmuir 
relationship for uptake of lead with correlation coefficients of 
O. 972 and greater for mixtures of known weights of soil and lead 
nitrate solution. The authors also stated that even though the data 
had shown good fit to a Langmuir isotherm, other chemical and phy-
sical processes rather than just adsorption was involved in the 
uptake of Pb. 
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Hamaker and Thompson (1972) who summar.ized available data for 
the Freundlich isotherm of chemicals in soil, have shown that the 
constant n varies from about 1.0 to 1.4. Lotse et al. (1968), 
studying adsorption of linedane to lake sediment, found the data 
to fit a Freundlich isotherm with the constant n ranging from 1.09 
to 1. 33. 
Freundlich relationships have also been applied to radionu-
elides in equilibrium with sediments. Carrit and Goodgal (1954) 
found that 
90
sr adsorption onto suspended solids produced values 
of 0.0032 and 0.44 for Kand n of equation (1), respectively. 
Other n values for sorption of radionuclides by sediments we re: 
90
sr with n = 1.0, 137cs with n = 1.0, 65zn with n = 0.63 - 0.80 
and 
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co with n = 1.0 (Armstrong and Gloyna 1968). 
Wetlands, River Swamps and Floodplains 
River and Creek swamps occupy the floodplains and are con-
sidered wetland forests that border streams. Wharton (1977) gave 
a review of types of floodplains and their characteristics. Allu-
vial streams have broa~, flat floodplains and an oak-hickory bottom-
land hardwood forest, with the wetter gum cypress community con-
fined to slough_s, depression_s, and old river channels (ox-bows). 
Surface soils are clay rich and lacking in organic matter. Silts 
and clays mask any black color and cause the streams to be opaque. 
Blackwater creeks and rivers that are considered alluvial have more 
organic matter. Swamps of blackwater streams as a ~ule do not have 
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the water velocity to transport much alluvium and normally do not 
have heavy inundations for long periods of time. In many Florida 
creek swamps, soils tend to be anaerobic because of standing water 
over water-logged soil; therefor~, organic matter accumulates in 
a deep laye!, either over sand or clay. Swamp black gum would tend 
to dominate under these condition~, but cypress is a frequent co-
dominant along with ash and red maple. Levees built in a floodplain 
area, for example highway fills (Wharton 1977) would pond up wet 
season water and accelerate the accumulation of anaerobic debris. 
Annual lowering of the water table would then begin the breakdown 
of vegetable debris for recycling of nutrients under oxid.izing con-
ditions normal for floodplain soils exposed to air. 
Through the release of river energy, banks are eroded and sed-
iments transported to be deposited as the energy decreases. Con-
sequently, flood plains are not regular, flat surfaces but are 
characterized by natural levees, ox-bow lake_s, slough_s, pothole_s, 
and low ridges. 
Plant productivity in river swamp is higher than in upland 
ecosystems because of: (1) the additional water and (2) the addi-
tional nutrients. The flowing water provides nutrients from the 
sediment it carries to plants which otherwise would draw from 
underground nutrient sources. Sediment is composed of an organic and 
inorganic fraction. The organic matter is made up of decaying 
leave~, etc_., and their inorganic matter is made up of sand, silt 
and clay. The main source of nutrients is silt. Silt is composed 
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of inorganic minerals and is carried by a stream and event~ally 
weathered into its component materials. Non-alluvial swamps are 
not as fertile as alluvial swamps due to the lack of sufficient silt 
and results in a smaller number of animals and smaller growth. 
General Description of Flora and Fauna 
From a study of three Florida wetland sites in the Kissinnnee 
River Basin through the autunm of 1978 (Hunter 1980), grasses were 
the most frequently occurring plant type. For the three sites the 
percentages of grass was Ash Slough 19.3~, Pittman's Bay 19.8%, 
and Armstrong Slough 51.4%. Shrubs comprised the least frequent 
plant type encountered on all sites from 0.1% on Armstrong Slough 
and Pittman's Bay to 1.2% on Ash Slough. Other organic and wetland 
plantswould be: floating plants such as ·Araceae, · salviniaceae; 
emersed plants such as Haloragaceae and Typhaceae; submerged plants 
such as Alismataceae and Mayacaceae; shore and ditch bank plants -
examples are compositae (Baccharis ~); Euphorbiaceae Sedge~, 
grasses, and rushes - examples are Gramineae · (Panicum ~) and 
Cyperaceae; algae - examples are Chlorophyta (green algae) and 
Cyanophyta (blue-green algae). Invertebrate life is comprised of 
stonefly, mayfly, beetl~, fingernail clams and other similar spe-
cies. Among floodplain liter, invertebrates are Acarin~, Callem-
brold, Coleoptera and Diptera. Typical floodplain inhabitants 
supported by the aquatic and detrital food chains are fis~, turtles, 
raccoon and others as well as over winter bird species. Among 




Floodplain soils are a combination of the soil type of the geo-
graphic area, and the sediment and organic debris deposited by the 
stream during high water or hydroperiod (Wharton 1977). Limited 
information on the general grain size distribution and organic con-
tent may be available in floodplain soils. The U.S.D.A. soil sur-
veys state that the soil types for the bridge study sites are: I-4 
and Padgett Creek-Bluff sandy clay loam; S.R. 192 and Shingle Creek-
Riviera fine sand; S.R. 17-92 and Shingle Creek-Gentry fine sand. 
Loam is defined as a soil material that is 7 to 27 percent clay par-
ticles, 28 to 50 percent silt particles, and less than 52 percent 
sand particles. On the other han_d, sand is defined as separate par-
ticles from 0.5 to 2.0 mm in diameter, with less than 10 percent clay 
and 85 percent or more sand particles. Sediment that was . deposited 
on the floodplains during high water would contain less sand with 
more clay and silt than what was naturally occurring there. 
Responses to Flooding 
During high water the subsequent flooding of the soil will 
initiate some changes in oxygen level_s, p~, redox potential and 
nutrient availability of the soil. Soils which are flooded, water-
logged or saturated show a decrease in oxygen concentration (Teskey 
and Hinckley 1977). When a soil becomes water-logged, gas exchange 
between the soil and atmosphere is drastically reduced (Ponnamperuma 
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1972). After flooding, the soil can then become practically devoid 
of oxygen within three days (Phung and Knipling 1976). There are 
some sources of oxygen which can help replenish the soil. Moving 
water contains a higher concentration of oxygen than stagnant water 
(Harms 1973). Rainfall and surface runoff will also quickly replen-
ish oxygen concentrations even in impounded areas (Broadfoot 1967). 
The anaerobic conditions of the soil drastically change the chemi-
cal relations in the soil, especially its oxidation-reduction poten-
tial. High redox potential values indicate a strong oxidizing sys-
tem; however, low or negative values indicate a strong reducing sys-
tem. The redox potential before flooding may be greater than +200 
~v, while during flooding it decreases to values between 0 and -200 
mv (Reddy and Patrick 1975). Another important factor which contri-
butes to changes in flooded soil is pH variability. Khalid et al. 
(1977) reported that the pH of sediment and submerged soils are 
normally buffered around neutrality (pH 7). Aerobic acid soils tend 
to show higher pH values upon flooding and subsequent reduction, 
while aerobic alkaline soils with a pH greater than seven tend to 
decrease in pH as .they become reduced. It was further stated that 
upon reaeration, the pH of reduced soils and sediment materials 
will tend to return to levels found prior to flooding. Changes in 
pH affect chemical equilibrium and, therefore, solubility of metal 
compounds (Ponnaamperuma 1972). 
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Metal Uptake by Soils 
Gibbs (1973) had generalized metal bonding, irregardless of 
origin, into five categories: (1) adsorptive bonding, (2) co-
precipitation by hydrous iron and manganese oxides, (3) complexa-
tion by organic molecules, (4) incorporation in crystalline mater-
ials, and (5) precipitation. 
Water samples such as highway runoff or creek water contain 
soluble metal ions and other soluble ionic substances as chlorides, 
hydroxide.s, sulfides and carbonates. When the molar concentration 
increases to exceed the solubility product (K ), precipitation of sp 
the compound occurs until the product of the ionic concentration 
is less than or equal to the K sp value. The chlorides (with the 
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exception of PbC12 , Ksp = 1.7 x 10 ) and sulfates of Cd, Z?, Cu, 
Fe, Pb, Ni and Cr, are readily solubl.e, whereas the carbonates, 
hydroxides and sulfides dissolve only with difficulty (Forstner 
and Wittman 1979). 
In a study by Gambrell et al. (1980), sediments from Mobile 
Bay were incubated under various pH's and redox potentials and 
suspension aliquots were subjected to a chemical fractionation. 
The sediment suspensions were sequentially fractioned according 
to the following scheme: (1) total water soluble, (2) soluble, but 
bound as uncharged or negatively charged complexes, (3) exchangeable, 
(4) reduc~ble, (5) DTPA extractable and (6) total elements. The 
methodology for fractionation and analysis was described by Gambrell 
et al. (1980). Water soluble metals were those that could be 
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released by mixing with water. The dissolved, complex metal form 
was collected by filtering the total water-soluble fraction through 
a cation chelating resin bed (Chelex-100). Exchangeable metals 
were extracted by shaking the residual sediment solids from the 
total water-soluble fraction for 2 hours with a lN sodium acetate 
solution (10:1 extractant to solids ratio). The residual solids 
from the exchangeable metals extraction were mixed with 0.15M oxalic 
acid and 0.25M annnonium oxalate (20:1 extractant to solids ratio) 
to remove reducible metals. This procedure was thought to solu-
bilize poorly crystalline hydrous oxides of iron with which trace 
and toxic metals might have been co-precipitated. An extracting 
solution of O.OSM DTPA (diethylenetriaminepentaacetic acid) and 
0.2M sodium acetate was prepared and mixed with the residual solids 
from the reducible metals extraction. This extractant was more con-
centrated than the synthetic organic chelate extractant normally 
used for soil testing procedures. Synthetic organic chelates have 
been used to solubii'ize some soil organic matter and/or metals bound 
with naturally occurring humic materials. This extractant was 
thought to primarily solubilize a portion of the metals bound to 
large molecular weight humic materials. 
Drinke.r, Van Eck and Nol ting ( 197 4) used 0. lN hydrochloric acid 
for the extraction of metal species associated with carbonates, hy-
drous oxides, sulfides and surface sorbed materials. These heavy 
metals,which are bound to sediments are released with O.lN HCl solu-
tion, are considered the mobile fraction (Wittman and Forstner 1979). 
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There are only limited data available on the significance of sorption 
and co-precipitation processes with Fe/Mn oxides in rivers. Chemi-
cal leaching of trace elements in carbonate-free sediments from 
the Amazon and Yukon Rivers by Gibbs (1973) indicate 4%-50% of Cu, 
Cr, Co and Ni to be present in the form of hydrous Fe/Mn oxide 
coatings. 
Alkali and alkaline earth metal as calcium and sodium could 
compete with metal ions sorbed onto solid particles. For example, 
this type of remobilization would occur in the mixing zones of ri-
ver and seas, i.e _.~ the estuarine environment, and in rivers and 
lakes where runoff contained deicing salts (Forstner and Wittman 
1979). 
In a study by Garcia-Miragaya and others (1980_), three surface 
samples from roadside soils in Caracas, Venezuela were analyzed for 
various Pb and Zn chemical fractions. Different chemical · forms of 
Pb and Zn extracted were: (1) exchangeable metals extracted by lN 
CaC12 , 2.5% CH3
COOH, (2) metals bound on organic soil macromolecules 






, (3) metals occluded in iron oxides extracted 
by a mixture of oxalic acid and acetic acid, and (4) residual frac-
tion extracted by digestion with HF. Results showed a very small 
portion of Pb and Zn (less than 1% in the case of Pb, and below 5.5% 
for Zn) was present in exchangeable form in the three selected sur-
face soils studied. Pb was mainly associated with the organic frac-
tion, as well as the inorganic and residual (inside crystal lattices) 
fraction.s, and Zn becomes mainly associated to the inorganic and 
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residual fractions and also to iron oxides, being practically ab-
sent in the organic fraction. 
Zimdahl and Skogerboe (1977) examined the mechanisms of Pb 
immobilization by soils by analyzing soil that had equilibrated 
with Pb concentrations from 0 to 8000 µg/ml. Results indicated 
that precipitation of lead as the carbonate, fixation by organic 
matte_r, a sorption by hydrous oxides may be individually or collec-
tively responsible for the observed soil capacity. The investiga-
tors further suggest that the majority of the Pb immobilized by soil 
is associated with organic matter . 
Organic and Clay Fractions in Soil 
Soil contains 1 to 40% (dry weight) organic matter (Huang, 
Elliot and Ashmead 1977) . Soil samples from Lakelan_d, Florida were 
classified as loamy sand and contained organic matter of 0.8% with 
13% clay material (Zimdahl and Skogerboe 1977). Khalid et al. (1977) 
reports a wide variability in the organic content of sediments. 
In a study by Khalid of Mobile Bay, Alabama, organic concentrations 
between 10.2% and 19.3% were measured, while in the Everglades, 
sediment values up to 68.8% have been determined by other investi-
gators. 
An important property of the naturally occurring organics is 
their ability to form stable combinations with metal ions. The 
most abundant class of organics in soil and sediments are .the humic 
substances known as humic acid and fulvic acids (Khalid et al. 1977). 
In genera.I, the stability of humic complexes increases with pH due 
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to the ionization of more functional groups of the humic-polyelec-
trolyte molecule. Increasing ionic strength results in a decrease 
of the measured stability. 
Schnitzer and Hansen (1970) calculated the value of the sta-
bility constant (log K) for fulvic acid complexes with different 
divalent cations. The stability constant varies between 2.9 for 
divalent manganese and 4.7 for divalent copper at pH 3. For com-
pariso~, the log K value for copper-EDTA complex at pH 3 is 8.3. 
The influence of pH on the stability of lead with extracts of 
soil organic matter over a wide pH range have been reported by Ver-
loo (1974). Below pH 4.0 free cationic lead was the predominant 
form. At pH 4.0, 63% of the lead was in free cationic form and 26% 
was precipitated as an insoluble organic complex. At pH 5.0, lead 
was divided almost equally between the free cationic, soluble or-
ganic, and insoluble organic fractions. The insoluble organic lead 
fraction reached a maximum at pH 6 which amounted to 35% of the to-
tal Pb, while the soluble organic fraction accounted for 50% of the 
total at this pH. From pH 7 to 10, the soluble organic fraction 
contained most of the lead. 
It has been reported (Swanson et al. 1966) that organic mater-
ial can sorb between 1% and 10% dry weight of Cu, Fe, Pb, Ni and 
Zn. Rashid (1974) has shown Cu is preferentially sorbed followed 
by Zn and Ni by organics. Leaching experiments have demonstrated 
.that Gu is more firmly associated with organic material than 
other metals. An order of bonding strength for a number of metal 
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ions onto humic or fulvic acids: Cu+2 > Pb+2 > Zn+2 > Ni+2 • Inv es-
tigations by Hildebrand and Blum (1974) on the influence of pH value 
on the sorption of Pb onto organic substances revealed that at 
alkaline pH values more Pb+2 is sorbed than under acidic conditions. 
This was substantiated by the relatively lower values of Pb re-
leased by MgC12 extraction in an alkaline environment than for an 
acid one. Magnesium chloride (MgC12 ) was used to release those 
metals which were cation exchangeable and bound to the surf aces of 
minerals. 
Fulvic acid plays a role in transport of heavy metals in aquatic 
environments (Jenne 1976). This is due to their lower molecular 
weight_s, larger number of functional group_s, and the greater solu-
bility of the fulvic acids. Jenne (1976) also reported that humic 
acids are present in greater quantities than fulvic acids and may 
be more important in heavy metal transport from water to · sediments. 
Reuter (1980) studied metal binding with swamp soil fulvic and humic 
acids to confirm the reactivity of these compounds to complex paten-
tial pollutant metals. Reuter reported that water soluble humic 
substances such as fulvic acids mobilized pollutant metals, howeve_r, 
humic acids in the soils could complex and immobiliz·e metals enter-
ing the soils with percolating water. This complexation of toxic 
metals with humic substances masked the toxicity of the metal and 
became unavailable for microbial metabolism, since humic matter, 
including fulvic and humic acids, are resistant to microbial degra-
dation. 
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Clay minerals play an important role in the sorption reactions 
controlling the exchange of nutrient.s, heavy metals, pesticides, 
and other materials between sediment and water (Khalid et al. 1977). 
Loth and Ott (1970) determined that the cation exchange values (CEC) 
of the bottom sediments from rivers and bays were considerably high-
er than those of soils which ranged from 1-15 meq/100 g. The CEC 
values of the sediments, which included rivers, bays, freshwater 
impoundments, ranged from 7 to 100 meq/100 g. These investigators 
also observed that the organic matter content of the sediments ac-
counted for about 80% of the CEC, which signifies the importance 
of sediment organic matter in sorption reactions. The selective 
affinity of the clay minerals for certain heavy metals is an effect 
which has not yet been fully understood. An empirically derived 
sequence for the affinity of heavy metals toward clay minerals was 
as follows: Pb> Ni> Cu> Zn (Forstner and Wittman 1979). 
Bader (1962) found that various kinds of clay minerals could 
sorb large amounts of organics and that this sorption correlated with 
the CEC of the clay. Bader also concluded that a significant part 
of this adsorption (about 80%) was irreversible, that is, the 
material could not be leached from the clay minerals. The proposed 
mechanisms to account for the observed retention were the formation 
of a clay-organic complex, entrapment of organic mole~ules, or the 
alterations of organic molecules. This clay organic complex was 
proposed by Bader as a possible sink for nutrient elements, toxic 
metals, and organic contaminants. 
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Another investigator, Bunzl (1976), studied the competitive 
sorption of Pb+
2 
ions from a solution containing simultaneously 
peat and bentonite. Peat, representi.ng soil organic matter sorbed 
more Pb+
2 
than bentonite (clay mineral) at any ratio of the two in 
the mixture. 
A study of sorption of Cu, Pb, Cd and Zn on mixtures of clays 
and fulvic acid was performed by Slavek and Pickering (1981). The 
amounts of organic acid and clay used in this investigation approx-
i.mated a 0.1 g soil sample containing 0.8 to 1.3% organic carbon 
and 4 to 15% clay. The results indicated that the presence of ful-
vi.c acid would reduce the mobility of metal ions where the normal 
pH is less than 6 and tend to increase the chance of migration at 
higher pH values. This is in agreement with the results reported 
by Khalid et al. (1977). In a related study, Schnitzer and Kern-
doff (1981) found that fulvate compotlllds were formed when less than 
20 _mg of fulvic acid was added to a solution which contained 1 µmol 
of selected cations. The amount of fulvate salts increased with pH 
following this increasing order: Fe : Cr > Pb : Cu > Zn > Ni > Cd. 
Particle Size Effects 
Particle size distribution of soils was considered important 
by Khalid et al. (1977) because the amo'llllt of surface area exposed 
controlled the extent of chemical reaction with the soils. For 
sediments it has been shown that metals are concentrated in the 
finer-grained fractions (Forstner and Wittman 1979; Gibbs 1977; 
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Salomons and de Groot 1978). In a study of soils by Zimdahl (1977), 
plots of lead concentration in each soil fraction versus the reci-
procal of the mean radius of the particle for that fraction was used 
to assess the importance of surface dependent processes. Only one 
out of 8 soils exhibited a consistent increase in the lead concen-
tration with increasing surface :area-to-volume ratio. These semi-
quantitative results indicated that bulk fixation processes by pre-
cipitation and ion-exchange rather than surface processes were most 
significant. Forstner and Wittman (1979) have recommended plotting 
metal concentration versus the reciprocal of the mean particle radius 
as a method of identifying those soil fractions in a sample which 
are a determining factor in the enrichment of trace metals. Forst-
ner and Wittman cite a study by Oliver (1973) in which all the plots 
of metal concentration versus surface area had a similar shape in-
dependent of sampling location. 
Heavy Metal Uptake by Wetland Plants 
Metal content of natural freshwater plants has not been well 
defined in the literature. In a study by Sinnners et al. (1981), 
freshwater marsh plants were analyzed for Cd, Cr, Cu, Fe, Pb, Ni 
and Zn concentrations using nitric acid digestion and emission spec-
trometry. Th.e leaf heavy metal concentrations were obtained for 
the morphol.ogically similar species of Cyperus, .f.:._ esculentus, ~ 
odoratus, ~ stringosus, and ~ · englemanni collected from natural 
freshwater marsh areas. Samples were first rinsed with water puri-
fied by reverse osmosis before metal analysis. 
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Table 6 lists the mean values and range of values for heavy 
metal~ concentrations in the Cyperus species. It is interesting to 
note that Zn and Fe have the highest concentrations with· 79 and 166 
_µg/g, respectively. DalIUilan (1979) measured the heavy metal concen~ 
trations in a red maple swamp plant Sphagnum flavicomans near an 
urban area in Connecticut. The annual growth of the Sphagnum 
flavicomans carpet contained 16.2 mg/m2 Pb, 3.52 mg/m2 Ca, 16.2 
mg/m2 Zn, and 0.83 mg/m2 Ni. A comparison with depositions rates of 
these elements for this swamp region showed that the amount of Zn 
and Cu in the annual growth roughly equalled the annual deposition, 
whereas those for Pb amounted to about half and for Ni to about 
one-third of the input. Prediction of removal of heavy metals by 
marsh and wetland plants has not been extensively researched. 
Dunstan et al. (1975) concluded that Cd and Cu concentrations found 
in ~ alterniflora did not directly correlate with the concentra-
tion of these metals measured in the sediment by a nitric acid leach-
ing procedure. It was suggested that ~ alterniflora was well buf-
fered against increasing levels of these metals since only a small 
portion of each metal accumulated in the plant-available fraction 
of the sediment. 
Metals th.at a;re associ.ated w:::i...th wetland plants during dry sea-
son are subject to release when the plants decay (wither and die 
off) during winter. With the fi.rst rain of the wet season, these 
heary metals will be washed out into receiving streams. Phosphorus 
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way. Federico (1978) reported nutrients incorporated into plant 
tissues during the growing season might later be trans-located 
back into plant rhizomes, incorporated into marsh soils, or washed 
into receiving waters with the inundation of the following wet 
season. 
Sinnners et al. (1981) studied the uptake of heavy metals by 
freshwater marsh plants from dredged sediments at disposal sites 
in the U.S. Results from this study indicated heavy metal concen-
trations in marsh plants sampled in natural stands were quite simi-
lar in r8:llge to those concentrations observed in plants collected 
from the Core of Engineers' disposal sites a...~d those grown in 
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contaminated sediments in th~ greenhouse. Exceptions were the Mn 




Data was collected between November 21, 1980 and August 17, 
1981 from the three bridge study sites to evaluate the effects of 
highway stormwater runoff on the surrounding floodplains. Samples 
of soil, plant, and water were collected from various locations 
around each bridge site. Each sample collected was analyzed for 
several parameters, and composite soil samples were used in further 
laboratory experiments. This chapter covers those results for 
the three bridge study sites: I-4 and Padgett Creek, S.R. 192 and 
Shingle Creek, and S.R. 17-92 and Shingle Creek. 
Interstate-4 and Padgett Creek 
Ref erring to the map of the bridge area at 1-4 and Padgett 
Creek in the site selection chapter, three sampling locations 
were selected as follows: (1) control site located 15 meters away 
from a concrete swale at S-1, (2) S-1 located at the bottom of a 
concrete swale where it intersects the drainage ditch, and (3) S-2 
is at the junction of the drainage ditch and Padgett Creek and 
located 50.0 meters downstream from S-1. Therefore, the control 





Physical analyses of soil included grain size distribution, 
percent moisture and percent loss on ignition. From a composite 
soil sample of 0.500 mm or less particle size, the grain analysis 
(Appendix A--1) showed that only 2.6 percent was less than or equal 
to 0.074 mm in diameter. From the data in Appendix A-2, percent 
moisture ranges from 10.7 to 47.1 for the control, from 11.0 to 
57.2 for S-1, and 16.0 to 52.5 for S-2. Raw data for percent loss 
on ignition is listed in Appendix A-~ Values for percent loss on 
ignition reflected the organic content of the soil. At the con-
trol location values ranged from 2.1 to 36.2, at S-1 . values 
ranged from 3.9 to 16.8 and at S-2 values ranged from 3.1 to 22.7. 
Both the percent moisture and percent loss on ignition did not 
demonstrate any seasonal trend from winter of 1980 to the summer 







PHYSICAL CHARACTERISTICS OF SOIL 
AT I-4 AND PADGETT CREEK 
Number of 
Moisture 
Content, % Observations x a 
7 26.3 12.3 
7 34.8 14.6 






11. 2 6.7 
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Plant Characteristics 
Analyses of percent moisture and percent loss on ignition was 
carried out for plants at the I-4 and Padgett Creek bridge site with 
results tabulated in Appendices B-1 and B-2. The two plants sampled 
were Sambuccus simpsonii a~d Biddens pilosa L. Of these two plants, 
Sambuccus had a percent moisture around 76.0% at all three sampling 
locations. Biddens had slightly higher percent moisture with 84.1%. 
but was sampled only at one location. Sambuccus results for percent 
loss on ignition ranged a little higher than Biddens, where Sambuccus 
had 85.8 to 89.2% to Biddens' 80.8% loss on ignition (based on 
oven dry weight). It must be realized that plants were collected 
in different seasons of the year and degrees of maturity and also 
different parts of the plant itself were sampled. This will produce 
varying results in percent moisture content. 
Soil Heavy Metal Concentrations 
Detailed results obtained in this study are presented in 
Appendix C-1. In all samples analyzed, it was found that Cd was 
present in the lowest concentrations and Fe in the highest. All of 
the metal concentrations showed relatively high standard deviations. 
For exampl.e, at s-_2, C~, Zn and Cu had averages (for seven samples) 
of 0. 2_2, 90. 4 and 6. 44 µg/ g dry weigh_t, re spec ti vely; and their 
standard deviations were 0.4_0, 83 .. 3 and· 3.89. This represents 1.8, 
0.92 and 0.6 times their average values -. Metal concentrations gener-
ally followed decreasing order where Fe > Pb > Zn > Cu > Cr > Ni > Cd. 
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The highest extractable metal concentrations were found at S-1. 
This was best exemplified by Pb concentrations where S-1 had 3098 
µg/g dry weight, S-2 had 125 µg/g dry weight, and the control had 
121 µg/g dry weight. Cd, Fe, Pb and Ni concentrations in soil sam-
ples followed a decreasing order where S-1 > S-2 > Control. 
Plant Heavy Metal Concentrations 
The only plant that could be sampled from each sampling loca-
tion was Sarnbuccus sirnpsonii. Appendix D-1 lists the data collected 
for the plants analyzed. Standard deviations were not as great 
with the plants as seen with soils. For example, from the seven 
samples of Sambuccus simpsonii, at S-2 Cd, Zn and Cu had average 
concentrations of 0.08, 53.2 and 8.35 µg/g dry weight, respectively. 
Their respective standard deviations were 1.1, 0.43 and 0.21 times 
their average concentrations. Pb concentrations in Sarnbuccus 
simpsonii were 34.8 µg/g dry weight in S-1, 27.8 µg/g dry weight 
in S-2 and 18.6 µg/g dry weight in the control. Concentrations of 
Pb, Fe and Cd exhibited a similar pattern of decreasing order as 
with the soil where S-1 > S-2 > Control, though not as pronotm.ced. 
Fe had the greatest concentrations with 151 µg/g dry weight, 132 
llg/g dry weight and 122 1Jg/g dry weight for S-1, S-2 and the con-
tro.l, respectively. From highest to lowest, the general pattern 
for metal concentration within each location was Fe > Zn > Pb > Cu 
> Cr :::: Ni > Cd. 
Biddens pilosa L. from the control site had ~onsistently higher 
concentrations than Sambuccus simpsonii at any of ~he _ s~mpling 
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locations. This was a small weed with more foliage for sampling 
than stem and branches as with Sambuccus simpsonii which is a 
small tree. Also, different species of plants have different 
affinities for various heavy metals. 
Laboratory Studies 
Laboratory work on composited soils included sorption studies 
and metal release through extraction solutions. Data from these 
studies discloses some information about the capacity of the soil 
for sorption and retention of heavy metals, what types of metal 
bonds are formed, and under what conditions metals are then re-
leased. 
Sorption experiments were conducted using Pb only because of 
the difficulty in keeping metal ions in solution together and be-
cause Pb is one of the more important heavy metals dete~ted in 
highway runoff. Four standard concentrations of 59, 109, 250 and 
500 ppm were used and at three pH's of 5, 7, and 9. The data 
is presented in Appendix E-1. It was demonstrated by 24 hour 
batch experiments that the soil at I-4 and Padgett Creek could 
sorb 42.2 mg Pb at pH 5, 97.0 mg Pb at pH 7 and 99.7 mg Pb at pH 
9 per gram of soil at the highest initial Pb concentration in 
solution. Equilibrium concentrations decreased with decreasing pH, 
which was most apparent at higher initial . concentrations. 
Metal extractions were used to help identify release mechan-
isms and environmental factors that will enhance metal mobilization. 
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In Appendix E-2, results for I-4 and Padgett Creek are shown. Metal 
release from mixing soil samples and distilled deionized water was 
minimal. Water soluble metals were treated with Chelex-100 in batch 
experiments. Fractions adsorbed by this resin are considered ex-
changeable inorganic metals. However, an insignificant amount of 
complexed metal ions was retained by the resin indicating a small 
amount of free ions in solution. Total water soluble metals were 
less than 3% of total extractable metal by 6N HN0
3
• Exchangeable 
and water soluble metal reflected by lN NaAc and O.lN NH4Ac were sub-
stantially the same and both relatively low concentrations. Metals 
extracted by oxalic acid represented those metals that would be re-
leased under reducing conditions (low oxidation-reduction potential). 
All heavy metals showed an increase in release with oxalic acid over 
NaAc solution. Approximately 22, 35 and 7.3 times more Zn, Fe 
and Pb were extracted by oxalic acid over NaAc. DTPA extraction 
released more metals from soils collected at I-4 and Padgett Creek 
site than that released by oxalic acid, except for Pb. Most inter-
esting was the extraction with an O.lN HCl solution which had a pH 
value of 1.10. However, the soil mixture from I-4 and Padgett Creek 
showed a pH of 6.2. Metal release at this pH value was less than 
5% of the nitric acid extractable metal, except for Pb, which had a 
value of 27.9 µg/g dry weight. 
Calcium chloride solution of O.lN was used to gage the effects 
of increased io~ic concentration on metal release. The resulting 
metal release after a 7 day extraction was similar to the metal 
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released by deionized water. Highway bridge runoff was collected 
from I-4 and Padgett Creek and also used as an extractant. Addi-
tional metals in excess of what was originally available in highway 
runoff waters were released. The pH of the soil-water mixture was 
7. 2 and the Pb released was less than that for NaAc solution or the 
oxalic acid extractant. 
Water Quality Parameters 
Three types of water samples were collected at I-4 and Padgett 
Creek. These were storn:rwater runoff, creek water and water from 
the ditch that flows from the concrete swale at S-1 to Padgett 
Creek. The results of the water quality analyses are presented 
in Appendix F-1 and F-2. Cd concentrations were consistently 
low in all sample.s, both total and dissolved. Fe values were con-
sistently the highest of all total heavy metals concentrations 
ranging from 4.55 mg/l for bridge runoff to 9.2 mg/l for ditch 
water and 0.197 mg/l for creek water. Zn and Pb were measured in 
significant amounts. The general trend for heavy. metal concentra-
tions was in decreasing order, bridge runoff >ditch water>creek water. 
Other parameters were analyzed for the creek water and bridge 
rlllloff. Comparison of the results from these two samples showed 
that there were some di£ferences. The pH values in c.reek water 
were slightly alkaline at 7. 9 3 to 8. 91 for unfiltered sample.s, 
where runoff water tested as slightly acidic with pH's of 6.44 
and 6.95 for the two samples collected. There was, however, only 
slight differences between alkalinities of the creek and runoff 
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water. Padgett Creek water had 113 to 88.6 mg/l alkalinity for 
water samples and bridge runoff had from 113.7 to 74.9 mg/l. BOD 
varied with types of water sample, as did TKN', specific conductivi-
ty and total phosphorus. The bridge samples had consistently higher 
values for BOD, TKN and total phosphorus than Padgett Creek water, 
but creek water had higher values for specific conductance. Also, 
stormwate~ - - J;¥UOff and ditch water hacl much higher suspended solids 
concentrations than Padgett -Creek ,water. 
S.R. 192 and Shingle Creek 
Sampling locations S-1 through S-3 can be shown on the layout 
of the bridge site area in Figure 9. Location S-1 was situated 
underneath scupper drains at the northeast edge of the bridge. 
S-2 was located directly underneath the eastbound lane 3 meters 
downstream from S-1. More erosion was evident at the S~3 site 
located 30 meters upstream from S-1. To summarize,with respect to 
runoff sampling locations S-1 and S-3 .receive direct runof~, S-2 
receives substantially less runoff which is indirect and the con-
trol site receives no runoff. 
Soil Characteristics 
Results for grain-size distribution, percent moisture and 
percent loss on ignition are shown in Appendices A-1 through A-3, 
respectively. Through regression analysis of the cumulative per-
cent weight versus the sieve size distribution, a linear relation-
ship was developed with a slope of 124 and a correlation coefficient 
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of 0.983. The effective size (n
10
) and uniformity coefficient 
(n60Jn10) from this line were 0.08 and 2.5, respectively. Four 
point eight (4.8) percent of the fraction - of - soil particles -was 
;Less . than. or equal to 0.074 mm in diameter. 
Even though the bridge sampling location received more runoff 
than the control site, the average percent moisture content of 
24.6% for the control was higher than all other sampling sites. 
S-1 showed a value of 18.6%, S-2 had 12.6% and S-3 had 19.0% mois-








PHYSICAL CHARACTERISTICS OF SOIL 
COLLECTED AT S.R. 192 AND SHINGLE CREEK 
Number of 
Percent Moisture Percent Loss 
Observations Content on 
Ignition 
x a x a 
7 24.6 9.0 6.6 3.7 
7 18.6 3.0 3.6 2.1 
3 12.6 3.4 3.3 2.3 
5 19.0 4.0 2.7 1.6 
The control and S-1 samples were collected sufficiently in 
succession to detect a slight trend for percent moisture to de-
crease dur.ing summer. That is, between November 21st and January 
16th, values varied between 24.3% to 40.8% for control and 17.3% 
to 21.6% for S-1. However, for July 30th to August 27th, percent 
moisture were 14.6% and 14.8% for control and 15.9% and 15.0% for 
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S-1. Average percent loss on ignition values ranged from 6.6% at 
control to 2. 7% at S-3. S-3 sampling location appeared to show 
the greatest amount of erosion which may have been responsible for 
the low percent loss on ignition. 
Plant Characteristics 
Analyses for percent moisture and percent loss on ignition was 
conducted on plants in the Environmental Engineering lab and results 
listed in Appendices B-3 and B-4 were obtained. Plants sampled 
from the S.R. 192 and Shingle Creek bridge site were Panicum ~, 
Euphatorium compositifolium, Sambuccus simpsonii, and Baccharis 
halimifolia. From the data on percent moisture, no si_gnificant 
differences between plant species can be noted. For example., at 
S-1, Panicum had an average percent moisture of 70.4%, Euphatorium 
had 68. 2 and Sambucc.us had 69. 6%. Percent moisture for the sanie 
plants collected from various sampling locations varied only 
slightly. For example, Panicum from control site had 72. 6% iooisture 
and from S-3 had 59.-1%. Results for percent loss on ignition re-
vealed similar results as those listed for percent moisture, Per-
cent loss on ignition for different plant species were similar and 
individual species did not vary much from each sampling location. 
Soil Heavy Metal Concentrations 
Analysis of metal content in soil samples collected from S.R. 
192 and Shingle Creek are presented in Table C-2 in the Appendices. 
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It was obvious that the samples exhibited high variability as shown 
by the standard deviation values. Cd, Zn and Cu concentrations at 
the control site with 7 samples gave the following averages and stan-
dard deviations: 0.09 and 0.25, 16.7 and 14.8, and 2.24 and 1.44 
in units of µg/g oven dried weight, respectively. Metal concentra-
tions of Fe were 466 µg/g at S-1, 851 µg/g at S-2 and 644 µg/g dry 
weight at S-3. Also, Pb was found to have values of 28.8 µg/g at S-1, 
43.4 µg/g at S-2, and 48.6 µg/g dry weight at S-3. Metal concen-
trations in the soils from all locations followed a decreasing order: 
Fe > Pb > Zn > Cu : Cr : Ni > Cd. No one trend for detected metals 
was noticeable for all sampling locations. For instance, Fe concen-
trations follow: S-2 > S-3 > S-1 > Control, but Pb had the decreasing 
order as S-3 > S-2 > S-1 > Control and still yet, Cu followed S-2 > 
S-3 > Control > S-1. Except for Pb and Zn, s~2, which received in-
direct runoff, had higher metal concentrations. 
Plant Heavy Metal Concentrations 
Three species of plants were sampled at S.R. 192 and Shingle 
Creek bridge site. No plant samples were taken at the S-2 site 
since none were available. Panicum !E..:._ (panic grass) was present 
at all three sampling locations. There were no significant dif-
ferences in C~, Zn, C~, Ni and Cr values for samples collected 
from S-1, S~3 or control. Fe and Pb content of Panicum .!£.!_varied 
slightly with S-1 : S-3 > Control. Concentrations of Fe and Zn 
were not comparable to concentrations in the soils. Fe had higher 
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concentration in soil~, while Zn had lower concentrations in soil 
than in Panicum ~ At S-1, of the two other plants sample~, 
Sambuccus simpsonii did not have enough data to establish an aver-
age value. Euphatorium compositifolium metal concentrations were 
higher than Panicum sp. for C~, Zn, Cu and Pb, but lower for Fe, 
Ni and Cr. This demonstrated only a slight preference for some 
metals as Zn and Cu. At S-3, Euphatorium was also present and had 
similar metal concentrations to the same species at S-1. For exam-
ple, Cu at S-1 and S-3 for Euphatorium were 17.6 and 16.0 µg/g dry 
weight. Baccharis halim£olia was also sampled from S-3. As with 
Panicum sp. and Euphatorium, the pattern of metal concentrations 
in decreasing order was Fe > Zn > Pb > Cu > Ni : Cr > Cd. This 
was the pattern seen for soil metal concentrations at this bridge 
sit.e, except Pb was greater than Zn. Zn is more of a plant nutrient 
then Pb. 
Laboratory Studies 
From Appendix E-.1, results for Pb uptake studies for compos.ite 
samples can be fo.und. ·- Pb uptake by composite soils - from S. R. 
192 and Shingle Creek may reveal some ~nformation -about the· fac-
tors affecting metal retention in this type of soil. A summary of 
soil uptake of Pb at various initial concentrations and pH values 
are .shown in Table 9. At pH 5. _O, Pb sorption was limited and not 
significantly improved with increasing initial Pb ·concentrations. 
In other words, when lead concentrations increased by 10 times, 
83 
the sorptive capacity only doubled. Pb uptake by the composite 
sample did increase significantly at pH 7.0 and with increasing 
the initial Pb concentration. At pH 9.0, Pb uptake had approached 
the soil capacity. The increase in Pb uptake from pH 7.0 to 9.0 
was not as great as from pH 5.0 to 7.0. 
TABLE 9 
qe's AT VARIOUS pH VALUES FOR COMPOSITE 
SOIL SAMPLES COLLECTED AT S.R. 192 AND SHINGLE CREEK 
Initial Pb 
(mg Pb/gm soil) 
Concentration qe 
Co s.o 7.0 9.0 
50 5.0 9.4 9.8 
100 5.9 18.8 19.8 
250 13.0 44 49.8 
500 10.6 54 . 71.4 
pH valu~s for mixture of soil samples and various extraction sol-
utions varied from 0.8 for 6N HN0
3 
to 7.8 for O.lN CaC1
2 
and highway 
runoff. In the table listed under Appendix E-3 are the ratios 
of the volume of extracting solutions to weight of soil sample.s, 
which was kept consistently high to eliminate any error due to 
oversaturation of extracting solutions. The results may have 
shown slight inconsistencies because of the difficulties in pro-
ducing homogeneous soil sample_s, limited number of samples tested, 
and the accuracy of measuring trace metal concentrations in the 
laboratory. For exampl~, the soluble complexed Fe of 3.88 µg/g 
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dry weight of soil was higher than the total soluble iron concentra-
tion in water. Both the total water soluble and complexed soluble 
metals represented less than 5% of total nitric acid extractable 
metals. 
The Chelex removal was very minimal indicating that most of 
the water soluble (Dist. D.I.) metals are complex compounds in solu-
tion with no or minimal metal ion content available. Exchangeable 
metals represented by NaAc and NH
4
Ac extractions were slightly 
greater than distilled D.I., but still were not significant. 
Metal released under reduced conditions (oxalic acids) were sub-
stantial, and amounted to 100%, 100%, 8%, 34%, 60%, 100% and 35% 
of the metal in soils extractable with nitric acid for Cd, Zn, Cu, 
Fe, Pb, Ni and Cr, respectively. Release through chelation with 
DTPA also accounted for high amounts of total extractable metal 
concentrations. Slightly more Fe and Pb were solubilized with DTPA 
than with oxalic acid. O.lN HCl extraction with a low pH of 1.1 
gave as significant metal release as oxalic acid or DTPA. Calcium 
chloride solution of O.lM concentration, representing a high ionic 
content medium, gave no substantial metal release. Some sorption 
of Zn, Cu and Ni in highway runoff occurred when mixed with the com-
posite soil sample. During this experiment, the pH value of highway 
runoff was quite high at 7.8. This may have contributed to the mini-
mal metal release detected. 
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Water Quality Parameters 
Results of metal analysis for Shingle Creek at S.R. 192 can be 
found in both Appendices F-1 and F-2. Appendix F-2 includes addi-
tional physico-chemical parameters for water quality of Shingle 
Creek and analysis of stormwater highway runoff collected on July 
23, 1981. Zn and Pb concentrations in creek water were signifi-
cantly lower than stormwater runoff concentrations for the same 
metals. Most of the metals in this sample of runoff was associated 
with suspended solids; 100%, 62%, 54%, 97%, 95~, 95% and 100% of 
C~, Zn, C~, Fe, Pb, Ni and Cr, respectively, of the total metals 
were associated with the suspended solids. Creek water differed 
having a greater percentage of metals in the dissolved form. 
Other chemical parameters such as pH, BOD and alkalinity were sim-
ilar for creek and runoff water for both raw and filtered sampl.es. 
S.R. 17-92 and Shingle Creek 
For this bridge sit_e, there were two control and four bridge 
sampling location~, as seen in Figure 5. The upstream and down-
stream sites were located 30 meters away from the bridge. S-1 was 
located mid-length under scuppers on the west side of the bridge. 
S-2 was also located mid-length and under scupper_s, but on the 
east side of the bridge. 8-3 was approximately 20 meters due 
south of S-1 and is also located under scuppers. S-4 was located 
underneath the middle of the bridge. Therefor~, it was found that 
sampling locations S-1 through S~3 received direct runof_f, S-4 
received indirect runoff, and control sites received no runoff. 
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Soil Characteristics 
Tabulated data for physical analyses of soils collected at 
S.R. 17-92 and Shingle Creek are listed in Appendices A-1 through 
A-3. Sieved composite soil samples of 500µ or less particles were 
analyzed for size distribution. The fraction of a composite soil 
sample less than or equal to 0.074 mm was found to be 3.0%. A 
linear regression analysis of the grain size distribution gave the 
following results: correlation coefficient of 0.98?, effective 
size (n10) of 0.08 ~' and uniformity coefficient (n60 Jn10) of 
2.7. Soil samples from each location were analyzed for percent 
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Observations x a 
6 25.5 3.1 
4 32.8 16.1 
6 22.8 4.7 
6 25.8 10.6 
4 19.5 2.8 











Comparison of these results showed some differences in control sites 
from bridge locations with respect to soil percent moisture. Soils 
from control sites had higher average percent moistures of 25.5% 
and 32.8% where bridge soil average percents ranged from 18.4% to 
25.8%. Generally, the percent loss on ignition values for S.R. 17-
92 and Shingle Creek soils were low and averaged between 1.8 and 
7.8%. Within each sampling location, a wide range of values was 
noticed except the upstream control location. For example, S-3 
percent loss on ignition values ranged from 0.4% to 6.2% over 5 
samples. There was no generalized difference between perc~nt loss 
on ignition of control sites versus bridge sampling locations. The 
downstream control site soils did have the highest average per-
cetn loss on ignition which corresponds to the highest average 
soil moisture content. 
Plant Characteristics 
Plants that we.re collected and analyzed for percent moisture 
and percent loss on ignition are listed with their respective re-
sults in Appendices B-5 and B-6. The plants that were collected 
from S.R. 17-92 and Shingle Creek were Panicum · ~, Euphatorium 
compositifol~um~ Sambuccus simpsonii, and Biddens pilosa L .. 
Panicum varied from 43.8% moisture at S-3 to 44.4% at the upstream 
control site to 63.6% at the downstream control site, to 70.8% 
at s-_3, and to 74. 6% at S-1. Plants sampled from the bridge lo-
cations did not have lower percent moisture content~ than those 
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sampled from the control sites. Panicum had slightly greater values 
for percent loss on ignition than other plant species found at each 
sampling location. For exampl~, at S-1, Panicum, Sambuccus and 
Biddens had 90.5%, 85.9% and 76.4% loss on ignition. At the down-
stream control sit~, Panicum had 91.4% loss on ignition and Euphator-
ium had 89.8% loss on ignition. Plants at the control sites had 
slightly higher percent loss on ignition than the bridge locations, 
with a range of 88.5% to 91.4% the plants at the control sites 
compared to a range of 74.8% to 90.% for the bridge location plants. 
Soil Heavy Metal Concentrations 
Soil Samples were collected at each sampling location for the 
S.R. 17-92 and Shingle Creek site and heavy metal analyses was con-
ducted with the resulting data listed in Appendix C-3. Soils col-
lected from S-2 had higher Z~, C~, Fe, Pb and Ni concentrations 
than any other sampling location which showed values of 44.6, 10.~, 
85~, 358 and 2 .-86 µg/ g dry weigh_t, respectively. P~, Zn and Fe 
have been shown to be closely linked to highway pollution. When 
considering just the bridge sampling locations, S-4 had the lowest 
metal concentrations with values of 6.2_6, 1.4~, 481, ·23.0 and 
0.-46 µg/g dry weight for Z~, Cu, F~, Pb and Ni, respectively. 
Control sites concentrations ·for Z~, C~, Fe and Pb was always at 
least 50% of the concentrations found at S-2. Cadmium was always 
detected in ~elatively low concentrations, ranging from below 
detection limits at both control sites and S-4 to 0.11-0.24 µg/g 
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dry weight for S-1 through S-3. Fe had the highest concentrations 
of all metals at all sampling locations, ranging from 1856 ~g/g dry 
weight at S-2 to 412 µg/g dry weight at the downstream control. 
Ni values varied little but gave different results than the other 
metals. The range of average Ni values were higher at the control 
sites with 1.08 to 4.80 µg/g dry weight than the bridge locations 
with 0.44-2.86 µg/g dry weight. Except for Cd values, the downstream 
control appeared to have less than half the metal concentrations 
in the soil samples collected from the upstream control. A general 
order of metal concentrations detected in various sampling loca-
tions was: S-2 > S-1 > S-3 > S-4 : Upstream Control Site > Down-
stream Control Site. 
Plant Heavy Metal Concentrations 
Only one species of plant, Panicum ~· was available for 
sampling at both control and bridge locations. Metal concentrations 
for Panicum and all the other plants sampled are shown in Appendix 
D-3. Panicum concentrations for Zn, Fe and Pb averaged 99.4, 183 
and 33.9 µg/g dry weight at S-2 and 60.5, 549 and 30.8 µg/g dry 
weight at S-3, and for the downstream control, 2.8, 96.7 and 9.14 
µg/g dry weight. Panicum followed a general pattern similar to 
what was observed for soil: S-2 > S-3 > Upstream Control > Downstream 
Control. At the control sites, Euphatorium metal concentrations 
averaged higher metal concentrations than for Panicum. For example, 
at the upstream control, metal values for Zn, Cu, Fe and Pb in Panicum 
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averaged 35.6, 2.35, 70.6 and 7.43 µg/g dry weight, and values for 
the same metals in Euphatorium were 132, 77.3, 198 and 23.6 µg/g dry 
weight. This suggests that Euphatorium _may have a higher metal up-
take for these metals than Panicum. Other species sampled could 
not be compared because insufficient samples had been taken to 
establish average metal concentrations. Generally, Cd, Cu, Ni and Cr 
values were similar to those measured in soils, but Zn values were 
found to be higher in plants and Fe and Pb were lower in plants than 
in soils. 
Laboratory Studies 
Results for sorption studies conducted on composite soil sam-
ples from S.R. 17-92 and Shingle Cree~, as shown in Appendix E-~ 
gave some information about its capacity to sorb Pb. At the lower 
pH of 5.0, q values (mg Pb sorbed/gm of soil) ranged . from 4.9 at 
e 
an initial available Pb concentration of 10.0 mg/gm soil to 11.8 
at an initial available Pb concentration of 100 mg/gm soil. The 
q values increased two-fold at pH 7.0 for the soil mixture with 
e 
the 10.0 mg/gm available Pb and also increased four-fold for the 
soil mixture with 100 mg/gm available Pb when compared with up-
take at pH 5. There is only a slight increase in sorption from 
pH 7.0 to 9.0 reflected by the change in qe values. Lead uptake 
increased from 46.2 to 47.5 and 46.4 to 59.0 mg/gm for the batch 
experiments using 50 and 100 mg/gm initial available P?, respec-
tively from pH 7. 0 to 9 .0. 
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Composite soils were mixed with various extraction solutions and 
the resulting metals released were measured. Data listed in Appendix 
E-5 was then used to evaluate what conditions caused the metal re-
lease. Additionally, metals released in deionized water were treated 
with Chelex-100 to determine in what form the metals were released. 
Of the relatively small amount of metal released with distilled 
deionized water, a significant portion was not removed by Chelex-
100 and was found to be in the complexed ion form. Metal release 
was not observed by mixing the composite soil samples with IN NaAc 
or O.lN NH
4
Ac. Significant amounts of C~, Z~, Fe, Pb, Ni and Cr 
were solubilized by mixing the composite soil samples with oxalic 
acid. Slightly more Fe and Pb were released with the organic 
chelator DTPA than what was observed with oxalic acid. A mixture 
of O.lN HCl and soil samples exhibited pH value of 1.1. This 
acidic environment effected the release of the highest amount of 
metals for the composite soil at S.R. 17-92 and Shingle Creek. 
Approximately 73_%, 100%, 69% and 100% of Zn, Cu, Fe and Pb extracted 
by six normal nitric acid were released by the O.lN HCl solution, 
respectively. Increasing the ionic content of a soil-deion.ized 
water mixture with Cac1
2 
did not increase the metal release. Also, 
additional contact time between highway runoff from the bridge 
site at S.R. 17-92 and Shingle Creek and the soil samples did not 
significantly increase the amount of soluble metals. 
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Water Quality Parameters 
Water samples were collected from the bridge stormwater run-
off, from a pond directly under the bridge, and from Shingle Creek. 
Analyses for physico-chemical parameters was conducted on these wa-
ter samples with results that are listed in Appendices F-1 and F-4. 
Metals concentrations for creek water were lower than for either 
pond water or stormwater runoff. Creek water metal values ranged 
from 0.05 to 0.289 mg/l for Z~, 0.009 to 0.160 mg/l for Cu, 0.391 
to 0.515 mg/l for F~, and 0.029 to 0.036 mg/l for Pb. Pond water 
had higher average Pb concentrations with 0.125 mg/l Pb compared 
to 0.036 mg/l in creek water. Stormwater runoff heavy metals con-
centrations ranged from Zn with 0.162 and 0.131 mg/l to Fe with 
0.022 and 0.968 mg/_l, and to Pb with 0.041 and 0. -237 mg/l. Other 
water quality parameters were analyzed for bridge runoff and Shingle 
Creek water. Turbidity in the creek water ranged from 2.6 to 9.0 
JTU's where stormwater runoff ranged from 15.0 to 15.5 JTU's. 
Alkalinity ran higher in the creek water with 88.5 and 32.9 mg/l 
compared to 41.1 and 50.9 in bridge runoff. Orthophosphorus and 
total phosphorus concentrations were consistently higher by twice 
as much in the creek water. 
Checks · on ·Laboratory · Procedure 
Reproducibility of nitric acid extractable metal analysis was 
tested by analyzing several portions of a selected sample of either 
plant or soil and averaging the results. Some of the results are 
shown in Appendix G-1. 
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Plant .Analysis 
Panicum sp. from sampling location S-2 at the ·s.R. ·17-92 and 
Shingle Creek bridge stie was analyzed for heavy metal concentra-
tions. Four portions of the dried plant collected on August 13, 1981 









STATISTICAL ANALYSIS OF HEAVY METAL 
CONCENTRATIONS IN PANICUM SP. 
Parameter 
Heavy Metals Cone. in µg/g dry 
Cd Zn Cu Fe Pb 
II of ~amples 4 4 4 4 4 
x 0.30 147. 14.6 272. 73.8 
a 0.14 15.3 1. 37 43.6 13.1 
Cv 0.47 o. 10 0.16 0.16 0.18 
.. ... 
II of ~amples 4 4 4 4 4 
x 0.23 99.4 7.86 183. 33.9 
a 0. 17 52.0 5.67 72.9 31. 6 












Other average metal concentrations listed in the table are from 
four separate sampling events collected between January 16, 1982 
and August 17, 1981. The coefficient of variance (C ) gives a 
v 
basis for comparing standard deviations relative to the mean values. 
The C values for samples collected and analyzed on four separate 
v 
dates were consistently higher than those for four portions of 
one plant sample. For exampl_e, the c · 's for samples collected 
v 
94 
January 16th through August 1_7, 1981 ranged from 0.40 tn 0. 9.8, 
whereas the C 's for the four portions of the one sample c_ollected 
v 
August t _3, 1981 ranged from 0.10-0.58. From this statistic.al 
analysi~, it was evident that some of the variability of metal con-
centrations was due to the procedur~, but also some was due to the 
changes in metal content with time in individual samples. 
Soil Analysis 
Average metal values and statistical analysis for three par-
tions of a composite soil sample and averages for several soil 
samples from a sampling location collected at each bridge site 
is listed in Table 12. For all bridge sites the C 's for com-
v 
posite soil heavy metal analysis was much lower than that for soils 
collected on different dates and averaged. For exampl~, I-4 and 
Padgett Creek had a C range of 0. 04-0. 15 for composite soil and 
v 
a c range of 0.75-0.92 for S-2 soil. While this demonstrated 
v 
a degree of homogeneity for the composite soil, it also indicated 
the procedure was reproducible. The results show a consistently 
low coefficient of variation values calculated for all metals tested 
using various portions of one soil sample. These values ranged 
from 0.04 to 0.20 which indicate a fairly homogeneous soil sample 
and reproducible results. 
Other checks on reproductibility of results were .used. Stan-
dards and reagent blanks were treated .as samples so that any 

















































































































































































































































































































































































































































































































































































































































































































Digested standards were compared ·to undigested standards ·to deter-
mine the percent recovery of the standard. There was no difference 
between measured values for digested and undigested standards. 
Als~, linear ranges for the heavy metals analyzed were obtained 
by measuring various dilutions of the stock standard. Acceptable 
ranges of values for each metal were set and standards were 
selected as close to the sample metal concentration as possible. 
In all the laboratory procedures, the main objective was to obtain 
a reproducible extractable metal fraction. 
Dissolved oxygen measurements were made to insure that the 
soil-solution mixture for the batch experiments using composite 
soil from each bridge site remained aerobic. Results from dissolved 
oxygen analysis of samples from metal release and sorption studies 
are listed in Appendix G-2. Even though soil-solution mixtures 
were in screw top containers to prevent spillag.e, dissolved oxygen 
levels did not diminish after 7 days of mixing as shown under Cacl
2 
metal release. Both blank and sample dissolved oxygen measurements 
even increased slightly over the 7 days mixing time. Results of 
dissolved oxygen analysis for sorption batch experiments were simi-
lar to that found for metal release. Dissolved oxygen levels were 
close to saturation levels ranging from 9.77 tl 8.9 mg/l for sam-
ples with lead standards and 9.3 to 9.8 mg/l for control site-
solution mixtures. 
CHAPTER VI 
DISCUSSION AND STATISTICAL ANALYSIS 
In this chapter, results from field analysis and laboratory 
studies will be reviewed to give information about removal of heavy 
metals in highway bridge runoff by surrounding floodplains. Soil, 
plants and water collected from the bridge site at I-4 and Padgett 
Creek, S.R. 192 and Shingle Creek and S.R. 17-92 and Shingle Creek 
were analyzed with results presented in the previous chapter. 
Differences in characteristics and metal content of bridge site 
soils, comparison of results from laboratory studies using composite 
soils from each bridge site and statistical analysis of differences 
between sampling location within each site will be discussed in 
this chapter. T-test analyses were obtained by using the SAS sta-
tistical package. 
Soil Analysis 
Soil characteristics and metal analysis will be discussed in 
this section. The physico-chemical characteristics and metal con-
tent will be analyzed and evaluated. The analysis includes per-
cent moisture and percent loss on ignition, grain size distribu-
tion, metal content, lead uptake and metal extraction. 
97 
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By examining the characteristics and metal analyses of soils 
from each bridge site, similarities and differences can be evaluated 
in order to extract those factors that determine how efficiently 
a bridge site soil will retain heavy metals from highway runoff. 
Traffic counts listed in Table 13 for the three highway bridge 
sites pointed out that I-4 and Padgett Creek had slightly more traf-
fic than S.R. 192 and Shingle Creek, but substantially more traffic 
than S.R. 17-92 and Shingle Creek. Heavy metals such as Cd, Zn, 
Pb, and Ni have been correlated to traffic density (VanHassel et 
al. 1979). Therefore, it would be expected that I-4 and Padgett 
Creek and S.R. 192 and Shingle Creek soils and plants have greater 
metal concentrations than S.R. 17-92 and Shingle Creek. 
Similar results for grain size analysis was obtained at all 
three bridge sites as shown in Figure 10. Through liriear regres-
sion · analysis, it was shown that the three bridge sites also had 
similar slopes, effective sizes and uniformity coefficients as seen 
in Table 14. Therefor~, in the range of 0.074 mm to 0.500 mm, 
no significant differences exist between the particle sizes of the 
three composite bridge site soils. Effective s 'izes ranged from 
0.10 mm for I-4 and Padgett Creek composite soil to 0.08 nnn for 
both S.R. 192 and Shingle Creek and S.R. 17-92 and Shingle Creek 
composite soils. 
Referring to Table 15, this would indicate that these bridge 
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Fig. 10. Grain size distribution of three composite soil 
samples from the bridge study sites. 
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TABLE 14 
LINEAR REGRESSION OF GRAIN SIZE DISTRIBUTION OF 
COMPOSITE SIEVED SOIL SAMPLES FROM HIGHWAY BRIDGE SITES 
Correlation Effective Uniformity Location 
Coefficient Slope Size (D10) Coefficient . (mm) (D()o/D10) 
I-4 and 
Padgett Creek 0.993 133. 0 .10 2.4 
S.R. 192 and 
Shingle Creek 0.985 118. 0.08 2.7 
S.R. 17-92 and 
Shingle Creek 0.983 124. 0.08 2.5 
TABLE 15 
SIZE CLASSIFICATION BY U.S.D.A. 
Particle Size Range (mm) 
Very Coarse Medium Fine 
Very Silt Clay 
Gravel Coarse Fine 
Sand 
Sand Sand Sand Sand Size 
Size 
Greater 2.0 1.0 0.5 0.25 0. 1 0.050 less 
than to to to to to to than 
2.0 0.42 0.50 0.25 0.10 0.05 0.002 0.002 
SOURCE: Merlin G. Spangler and Richard L. Handy, Soil Engi-
neering (New York: Intext Educational Publishers, 1973), p. 139. 
102 
discussed in Chapter 14 that corresponds well with the soil clas-
sification for those floodplain soils discussed under Site Descrip-
tion. 
Differences in organic content reflected by percent loss on 
ignition can be seen for the three bridge study sites in Table 16. 
For both bridge and control sites, the I-4 and Padgett Creek soils 
had nearly twice as much percent loss on ignition, with 6.2% and 
11.1% for bridge and control soils, respectively. Bridge soils 
for S.R. 192 and Shingle Creek and S.R. 17-92 and Shingle Creek 
both had 3.2% loss on ignition values. It was also noted from the 
results that control site soils for all three bridge study areas 
had greater percent loss on ignition than bridge site soils. This 
might have been due to some erosion of surface soils by highway 
stormwater runoff, or due to bridge construction materials at the 
site. These results agreed with another study by Muskett and 
Jones (1980) who reported that soil moisture did not appear to be 
related to distance from the road, but organic matter content gen-
erally increased by increasing the distance away from pavement. 
They offered no explanation for their results at a highway in 
southeast England. 
A portion of the soil samples analyzed for extractable heavy 
metal were prepared without initially sieving out particles greater 
than 500 microns. All the bridge sites had soils with 80.1% to 91.1% 
of the particle sizes smaller than 500 microns. Nine, six and five 








































































































































































































































respectively, were analyzed for heavy metal concentrations with 
and without sieving (see Table 17). 
Extractable metal results in Table 18 through Table 21 for 
bridge and control sites showed that the I-4 and Padgett Creek study 
site had greater soil metal content than the other study sites 
tested. Average metal concentrations at I-4 and Padgett Creek bridge 
sampling stations were 23.5, 7.2, 25.8, 14.3, 9.8, 5.1 and 5.2 times 
greater than the Pb, Cd, Zn, Cu, Fe, Ni and Cr concentrations at S.R. 
192 and Shingle Creek, respectively. These results were important 
when considering the average daily traffic count (ADT) for I-4 and 
Padgett Creek was only about 4,000 more than the ADT for S.R. 192 and 
Shingle Creek. Results for higher metal concentrations at I-4 and 
Padgett Creek may be attributable to higher organic and clay con-
tent of the soils found at the I-4 bridge site. The bridge site 
with the lowest ADT (S.R. 17-92 and Shingle Creek) still had higher 
metal concentrations than the bridge site at S.R. 192 and Shingle 
Creek with a substantially higher ADT. This may have been partially 
due to erosion observed at the bridge site. 
Differences between control and bridge soil metal contents 
were found to generally be greater than 70% significant at all 
three bridge sites using T-test analysis. Exceptions were Cd, Cu, 
and Ni at S.R. 192 and Shingle Creek and also Ni and Cr at I-4 and 
Padgett Creek. Pb values were consistently high at all three 

















HEAVY METAL CONCENTRATIONS IN 
SIEVED AND UNSIEVED SOIL SAMPLES 
µg/g dried weight % of Weight 
Element 
Average finer than 
Concentration 500 microns 
Sieved Unsieved (all stations) 
Cd 0. 270 0.117 91.1 
Zn 30.2 35. 7 
Cu 6.8 11.0 
Fe 1128. 1459. 
Pb 197. 230. 
Ni 3.79 3.46 
Cr 4.63 7.66 
Cd 0.233 0.0 81.1 
Zn 10.5 6. 97 
Cu 2.57 1.85 
Fe 556. 544. 
Pb 30.3 24.0 
Ni 2.88 2.42 
Cr 2.46 1. 37 
Cd 0.653 0.867 80.1 
Zn 185. 230. 
Cu 23.8 24.0 
Fe 4956. 6341. 
Pb 1481. 1312. 
Ni 9.16 10.82 


































SIGNIFICANCE OF DIFFERENCE BETWEEN HEAVY METAL 
CONCENTRATIONS IN SOIL SAMPLES COLLECTED FROM CONTROL 
AND BRIDGE SITES AT STATE ROAD 192 AND SHINGLE CREEK* 
Number Control Sites Bridge Sites 
T-Test 
of Probability 
Observations x cr x cr (Percent) 
7/16 17.2 14.8 37.7 30.5 89.2 
7/16 0.09 0.25 0 .14 0.58 27.0 
7 /16 16.7 14.8 11. 3 11.0 65.9 
7/16 2.24 2.14 2.12 1. 72 12.9 
7/16 350. 139. 594. 252. 97.3 
4/10 1.86 1.89 2.10 1.50 20.0 
7 /16 1.69 1.47 2.99 1.47 93.4 











SIGNIFICANCE OF DIFFERENCE BETWEEN HEAVY METAL 
CONCENTRATIONS IN SOIL SAMPLES COLLECTED FROM CONTROL 
AND BRIDGE SITES AT INTERSTATE-4 AND PADGETT CREEK* 
Number Control Sites Bridge Sites T-Test 
of Probability 
Observations x a x a (Percent) 
7/13 121. 82.5 886. 960. 94.8 
7/14 0. 12 0.31 1.01 1.0 96.8 
7/14 90.4 65.6 292. 254. 94.4 
7/14 7.33 4.8 30.4 26.7 96.3 
6/12 3318. 1250. 5746. 3472. 88.0 
5/10 8.79 3.82 10.8 6.94 43.1 
7 /14 16.8 5.50 15.6 8.44 27.3 











SIGNIFICANCE OF DIFFERENCE BETWEEN HEAVY METAL 
CONCENTRATIONS IN SOIL SAMPLES COLLECTED FROM CONTROL AND 
BRIDGE SITES AT STATE ROAD 17-92 AND SHINGLE CREEK* 
Number 
Control Bridge Sites of Sites Probability 
Observations x cr x cr 
9/22 5.8 5.2 286. 316. 90.0 
9/22 0.0 0.0 0.25 0.38 71.4 
9/22 3.4 2.8 18 .. 4 2.02 96.3 
9/22 1.3 0.9 5.2 7.5 87.2 
9/22 529. 293 .. 1026. 980. 86.1 
5/22 2.6 2.8 1. 2 1.9 79.0 
9/22 1. 7 1.8 4.1 6.2 74.9 




S.R. 192 and 
Shingle Creek 




DIFFERENCES IN LEAD CONCENTRATIONS 
BETWEEN SELECTED HIGHWAY BRIDGE SITES* 
Number Control Bridge of 
Observations x CJ x a 
7/13 121. 82.5 886. 960. 
7/16 17. 2 14.8 37.7 30.5 
9/22 5.8 5.2 186. 316. 







indicator of highway pollution. Lower T-test probability percen-
tages may have been due to lower average bridge metal concentrations 
obtained after combining both direct and indirect runoff sites. 
It is also realized that both bridges and control areas may have 
received aerial metal deposition. Additionally, greater metal bind-
ing ability of control sites may result due to their greater or-
ganic content. 
Sorption studies results were analyzed by fitting data to the 
two most widely used isotherm models for so.il-water systems, the 
Freundlich and Langmuir Isotherms (Forstner and Wittman 1979). 
Ref erring to sorption data in Appendix E-1 and Figure 11 through 
Figure 14 some comments can be made about Pb uptake in soil. At 
pH 7.0, composite soil samples followed both Freundlich and Lang-
muir isotherms rather well with correlation coefficients ranging 
from 0.839 to 0.998. For both Figures 11 and 12, I-4 and Padgett 
Creek soil gave graphically different lines for lead sorption rates 
than the other two bridge site soils. The I-4 and Padgett Creek 
soil also appeared to have greater lead upta~e,as shown for pH 7.0 
in Table 22, than uptake measured by soil samples from other sites, 
probably attributable to its greater fraction of clay and organic 
content. Correlation coefficients for Freundlich and Langmuir 
isotherms generally decreased at all sites by increasing pH from 
5 to 9. This is exemplified by Figures 13 and 14 with the I-4 and 
Padgett Creek site. At pH 5, it appeared that the predominating 
uptake mechanism was due to adsorption, however, at higher pH 
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values, other chemical reactions as precipitation is due to the lower 
solubility of metal compounds at higher pH's. This may help to ex-
plain the increase in lead uptake with pH for composite soils from 
each of the bridge sites studied. 
TABLE 22 
SUMMARY OF LEAD UPTAKE AT pH 7.0 BY COMPOSITE 
SOIL SAMPLES COLLECTED FROM HIGHWAY BRIDGE SITES 
I-4 and S .R. 192 and S.R. 17-92 and 
Co Padgett Creek Shingle Creek Shingle Creek 
(mg/l) Ce qe Ce qe Ce qe 
(mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) 
50 0.40 9.9 2.7 9.4 2.0 9.6 
100 2. 71 19.5 5.8 18.8 3.2 19.4 
250 4.24 49.2 30.1 44.0 19.0 46.2 
500 15.1 97.0 230.0 54.0 268.0 46.4 
-
A brief experiment was attempted using stormwater runoff col-
lected 9/11/82 and composite soil samples from the bridge site at 
S.R. 17-92 and Shingle Creek. Blank samples were a mixture of run-
off and Pb standard, 900 ml and 100 ml of 1000 ppm, respectively. 
Samples were made up like the blank except 1. O gram of composited soil 
was added. pH was maintained at 6.8, the pH measured for the com-
posite soil. Results are listed in Table 23. A 100 ppm Pb stan-
<lard at pH 6.8 was also measured and found to have a concentration 










Pb UPTAKE BY SOIL IN STORMWATER 
RUNOFF AT VARIOUS TIMES 
Pb Equilibrium Pb Equilibrium 
Concentration Blank Concentration Samples 
(m~tl) (mg/l) 
1 2 1 2 
100. 100. 100. 100. 
3.35 3.83 3.91 4.09 
2.93 3.00 
3.62 3.50 2.54 2.28 
2.50 2.29 
Results indicated that most of the Pb precipitated out with 
dissolved ions found in stormwater runoff. This precipitation was 
rapid leaving only 2 to 3 ppm of Pb in solution. These results, 
although inconclusive, indicated the ability of stormwater to ini-
tiate Pb removal. 
Another set of experiments were developed to determine organic 
and inorganic heavy metal fractions released by various extractant 
solution. Composite soil samples were mixed with different solu-
tions in batch reactors and continuously mixed on a shaker table 
for 2 hours to 7 days. Data for all three bridge sites -was 
obtained by these metal extraction procedures. Referring to Appen-
dices E-2 through E-4, it was demonstrated that only small amounts 
117 
exchangeable metals were extracted in all bridge site composite soil 
with no difference between a 2 hour extraction (IN NaAc) and 7-day 
extraction (O.lN NH
4
Ac and O.lN Cacl2). Water soluble metals, 
though insignificant, were mainly complexed ions, most likely solu-
ble organo-metallic compounds. The extraction solutions that re-
sult in greater metal release at all bridge sites was oxalic acid 
and DTPA, with no consistent difference in metals released by either 
one. A greater buffering capacity of the I-4 and Padgett Creek 
soils resulted in a higher final pH for the soil-extracting solution 
mixture and in signi£icantly less metal release than observed with 
the other two bridge -.site soils with O. lN HCl. Therefore, metal 
release for the S.R. 192 and Shingle Creek and S.R. 17-92 and Shingle 
Creek composite soils was dependent on the final pH value of the 
extract ant. 
Comparison of Sampling Locations 
within Each B~idge Site 
Extractable metal data for soils collected at the three bridge 
sites was analyzed by a SAS statistical package for significance 
of difference of heavy metal concentrations between sampling lo-
cations, with T-test probability percentages listed in Tables i4 
and 25. 
I-4 and Padgett Creek soil at S-1 was significantly higher 
than the control site soil with T-test probability values of 100, 
99.6, 100, 97.3, 80.5, 100 and 100% for Pb, Fe, Zn, Ni, Cr, Cu 








SIGNIFICANCE OF DIFFERENCE BETWEEN 
HEAVY METAL CONCENTRATION IN SOILS 
COLLECTED FROM VARIOUS BRIDGE SITES 
Between T-Test Probability Percent Sampling 
Locations . Pb Fe Zn Ni Cr Cu 
Control and S-1 100. 99.6 100. 97.3 80.5 100. 
Control and S-2 5.7 14.6 o.o 75.9 89.5 29. 
S-1 and S-2 100. 98.1 100. 99.4 98.6 100. 
Control and S-1 66.9 81.3 86.9 4.8 82.4 87.4 
Control and S-2 91. 8 99.9 41.0 52.9 96.4 93.7 
Control and S-3 92.5 95.9 2.5 5.6 68.9 47.7 
S-1 and S-2 55.5 99.1 64.9 61.2 78.1 99.8 
S-1 and S-3 70.6 80. 3 81.8 1.5 14.7 68.5 













SIGNIFICANCE OF DIFFERENCE BETWEEN 
HEAVY .METAL CONCENTRATIONS IN SOILS 
COLLECTED FROM S.R. 17-92 AND SHINGLE CREEK 
.. 
Between 
T-Test Probability Percent Sampling 
Lo cat.ions Pb Fe Zn Ni Cr Cu 
DS and US* 76.8 90.8 82. 3 83.5 87.4 76.8 
DS amd S-1 73.8 71.0 82.2 87.0 72.5 69.1 
DS and S-2 100. 100. 100. 63.9 99.7 98.6 
DS and S-3 95.8 52.8 86.9 95.3 70.0 66.8 
DS and S-4 98.8 30.0 94.0 86.2 39.4 58. 2 
us and S-1 54.4 29.3 29.2 87.0 36.9 43.8 
us and S- 2 99.6 97.3 99.2 47 .4 82.9 90.1 
us and S-3 80.9 43.7 55.4 93.8 24.l 26.2 
us and S-4 84.6 75.7 28. 9 87.3 76.0 50.0 
S-1 and S-2 17.5 67.9 99.8 75.3 5.8 54.9 
S-1 and S-3 58.9 52.9 52.2 17.4 54.4 45.8 
I 
S-1 and s-4 70. 8 65.8 19.l 10.3 69.5 64.8 
S-2 and S-3 99.8 94.7 98. 9 84.0 94.0 93.7 
S-2 and S-4 100. 99.9 100. 76.2 99.4 98.4 
S-3 and S-4 84.0 30.6 66.7 3.7 54.0 52.0 
* US = upstream control 


















control and S-2 soils. This would indicate that the S-2 sampling 
aocation which receives runoff that has travelled 50 m overland, 
had nearly the level of metal concentrations as the control site. 
This was further emphasized by the high level of significance 
(greater than 98.1% for all metals) between S-2 and S-1 heavy me-
tal concentrations. Land overflow appeared to be effective in 
heavy metal removal. 
S.R. 192 and Shingle Creek sampling locations had most notea-
ble differences in Pb concentrations between control and S-2 (91.8% 
significance); and control and S-3 (92.5% significance). There was 
no consistent differences in metal concentrations between the bridge 
sites (S- 1 through S-3), indicating no one site was retaining heavy 
metals from runoff better than the others. Additionally, the bridge 
soils were not retaining significantly higher amount of metal, es-
pecially Zn, Ni, Cd, than the control soils. This may be partially 
due to the erosion noted at this bridge site. 
The m::>st significant differences between a bridge sampling lo-
cation and control site was seen with the downstream control and S-2; 
and the upstream control and S-2. S-2 received direct runoff and 
had slightly higher percent organic than the other two bridge sampling 
locations. However, Ni and Cd did not have significant T-test pro-
bability percent for any of the locations tested, indicating some 
different retention mechanism for these metals, or their low levels 
are not sufficient to be used as indicators of highway pollution. 
Finally, the downstream and upstream controls showed some difference 
121 
in heavy metal values, especially Fe, Zn, Ni and Cr with T-test 
probabilities of 90.8, 82.3, 83.5, and 87.4%, respectively. 
Extractable metal concentrations were measured for each plant 
species sampled at each bridge site. Some information about each 
species' ability to assimulate metals was found through plant to 
soil metal concentration values. Differences in control and bridge 
area plant metal values were analyzed for significance by T-test 
analysis. 
Along with extractable metal analysis, plant samples were tested 
for percent moisture and percent loss on ignition (Table 26). Pan-
icllm -5.lL... generally had lower average percent moisture than other 
species, however no trends in bridge sites for differences in aver-
age percent moisture were evident, either by comparing one bridge 
site to another or by comparing bridge and control areas. Likewise, 
all the average percent loss on ignition values were -similar varying 
between 80.3 to 91.2%. Not enough samples were taken to establish 
average percent loss on ignition for individual plant species. 
Comparison of average metal concentrations for plants at each 
bridge site are listed in Table 27. Differences due to various 
traffic density were not evident. This was partially due to the 
fact that different types of plant were sampled from each bridge 
site. Cd, Fe and Pb concentrations were higher for I-4 and Padgett 
Creek and S.R. 17-92 and Shingle Creek than for S.R. 192 and Shingle 
Creek, in agreement with soil metal concentrations. Additionally, 



























































































































































































































































































































































































were close to average metal content in plants collected from the 
bridge areas. However, average Pb concentrations for plants from 
bridge areas were higher than control areas in all sites tested. Pb 
is not a required nutrient by plants and could be used as an indicator 
for highway runoff contamination for plants collected at the three 
bridge study sites. 
TABLE 27 
SUMMARY OF METAL UPTAKE FOR PLANTS 
Average Metal Uptake .. u2/ g dry weight) 
Metal I-4 and Padgett S .R. 17-92 and S .R. 192 and 
Creek · - Shinele Creek Shinele Creek 
Control Bridge Control Bridge Control Bridge 
Cd 0.11 0.12 0. 32 0.16 0.04 0.20 
Zn 66 60 103 80 71 90 
Cu 10 9.2 24 9 5.1 12 
Fe 173 142 129 244 91 128 
Pb 24 30 18 34 7.8 25 
Ni 5.6 2.7 2.9 3.5 2.5 2.1 
Cr 3.7 2.7 1.9 3.1 1.3 1.9 
In reviewing data for plant metal concentrations at I-4 and 
Padgett Creek (Table 28), it appeared that control area plant values 
were generally about the same as bridge area values. The exception 
was Pb which was higher in the bridge areas with a 71% significance. 
Partial explanation for the lack of difference is that plants exhibit 
limited uptake of trace metals and may be subjected to airborne 
124 
deposition. This control area at I-4 and Padgett Creek was located 
only about 20 miles 8Ji/ay from the highway on an elevated ridge; where-
as the other bridge sites had control areas 30 miles away and on the 
same elevation as the bridge areas. These conditions might have 
contributed to increased aerial deposition on the plants. Even with 
deionized water washing all the deposited particulates are not 
removed. Simmers (1981) found that additional washings with methanol 













AVERAGE HEAVY METAL CONCENTRATIONS IN PLANTS 
COLLECTED FROM I-4 AND PADGETT CREEK 
(Concentrations in µg/g dry weight) 
Control Areas Bridge Area 
of II of - -
T-test 
Percent 
Obs er- x a Obs er- x a Probability 
vat ions vat ions 
11 0.11 0.12 14 0.12 0.15 2.0 
11 66. 31. 14 60. 25.0 39. 
11 10. 3.4 14 9.2 3.0 46. 
11 17 3. 108. 14 142. 65. 63. 
11 24. 13. 14 30. 14. 71. 
7 5.6 5.8 10 2.7 1.0 87. 
11 3.7 1.6 14 2.7 1.4 92. 
125 
All metal concentrations except for Ni were higher in the 
bridge areas than control areas at S.R. 192 and Shingle Creek as 
shown in Table 29. C~, C~, Fe and Pb had percent probabilities for 
sign.ificance of difference 99. _8, 99. _9, 94. 8 and 99. 9, respectively. 
These were especially significant considering the I-4 and Padgett 












AVERAGE HEAVY METAL CONCENTRATIONS IN PLANTS 
COLLECTED FROM S.R. 192 AND SHINGLE CREEK 
(Concentrations in µg/g dry weight) 
Control Areas Bridge Areas 
of II of - -
Obs er- x a Obs er- x cr 
vat ions vat ions 
8 0.04 0.06 20 0.20 0 .15 
7 71 25. 20 90. 49. 
8 5.1 2.2 20 12. 6.6 
8 91. 34. 20 128. 59. 
8 7.8 2.2 20 25. 13. 
5 2.5 2.1 14 2.1 2.2 











Table 30shows the T-test probability percentage differences 
in plant metal concentrations collected from control and bridge 
site areas at S.R. 17-92 and Shingle Creek. Fe_, Pb, Ni and Cr were 
126 
higher in the bridge area plants than in the control area with a 











AVERAGE HEAVY MET.AL CONCENTRATIONS IN PLANTS 
COLLECTED FROM S.R. 17-92 AND SHINGLE CREEK 
(Concentrations in µg/g dry weight) 
Control Areas Bridge Areas 
II of - -
Obs er- x (J Obs er- x (J 
vations vations 
16 0.32 0.55 21 0.16 0 .18 
16 103. 83. 21 80. 40. 
16 24. 61. 21 9.0 5.0 
16 129. 101. 21 244. 366. 
16 18. 16. 21 34. 26. 
10 2.9 1.5 15 3.5 2.7 











In comparing different plant species metal concentrations with-
in the same sampling location, plant to soil ratios can be used as 
those listed in Table 31. I-4 and Padgett Creek had two plant 
species at the control area with Shepher~s Needle having slightly 
higher plant to soil ratio for all metals than the Elderberry Tree. 
Shepherd's Needle is a weed with Elderberry being a small tree, the 
difference in growing rates might partially account for the higher 





















































































































































































































































































































































































































































































Shingle Creek and S.R. 17-92 and Shingle Creek, the plants Panic 
Grass and Dog Fennel were collected. Dog Fennel had consistently 
higher plant to soil Zn and Cu concentrations indicating an affinity 
for these metals. Panic grass plant to soil ratios were similar for 
two different bridge sites at sampling locations with similar soil 
Pb concentrations. For S-3 at S.R. 192 and S-3 at S.R. 17-92, the 
soil Pb concentrations were 48.6 and 61.2 µg/g dried weight, the 
plant to soil ratios were 0.475 and 0.503, respectively. However, 
the plant to soil ratios cannot be used to predict plant heavy metal 
concentrations as they would vary with available metal content. By 
using soil metal extractions similar to those used by Simmers (1981), 
the portion of metals available for plant uptake can be determined. 
Water Analysis 
Total heavy metal concentrations in receiving water bodies at 
the three bridge sites were found to have similar results. However, 
ditch water and I-4 and Padgett Creek had both total and dissolved 
metal concentrations much higher than the other water bodies. Pb 
and Zn with 1.69 and 1.25 mg/l for ditch water average concentrations 
well exceeded the 0.05 and 1.0 mg/l DER standards for surface wa-
ters for Pb and Zn, respectively. Pb was also measured in quanti-
ties above the 0.05 mg/l standard at Padgett Creek, Shingle Creek 
at S.R. 192 and the pond under the bridge at S.R. 17-92 and Shingle 
129 
Creek. Therefore, at the vicinity of where the runoff enters the 
creeks and pond, in other words, where samples were taken, there was 
some contamination. However, when considering the continuous influx 
of stormwater drainage, the creeks' heavy metal concentrations are 
still considerably less than highway runoff concentrations and do 
not reflect a concentrating of metals by the creek. 
CHAPTER VII 
CONCLUSIONS AND RECOMMENDATIONS 
The role of floodplains in removing heavy metals from bridge 
highway runoff has been studied in this research. By analyzing 
physicochemical characteristics and metal content of soils, plants 
and water, some conclusions can be drawn: 
1. Soil was an important sink for heavy metals in floodplain 
areas surrounding highway bridges. This was demonstrated by the 
high concentrations of heavy metals as Fe, Pb, Ni, and Cr found in 
soils at the bridge sites. 
2. Plants did concentrate some of the heavy metals detected 
in bridge runoff. The relatively high concentration of Pb in plants 
suggest that this metal is an indicator of highway contamination 
at the three bridge sites. Even though Pb concentrations were 
higher in soil than Zn, plants showed higher Zn content than Pb. 
Zn is considered a nutrient, and therefore, plants showed higher 
affinity for Zn than Pb. 
3. Pb uptake by soils at laboratory controlled pH values of 
5, 7, and 9 could be fitted well to Freundlich and Langmuir iso-
therms, with the best correlation coefficients occurring at pH 5.0. 
The reason for a decrease in correlation coefficient with increas-
ing pH may be that other processes such as precipitation and com-
plexation are more prevalent at the higher pH values. Soil from 
130 
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I-4 and Padgett Creek demonstrated the greatest capacity for Pb up-
take of any of the soils from the three bridge sites. 
4. Soil extractions showed that no significant amounts of ex-
changeable metals are present in floodplain soils. The small quan-
tities of water soluble metals were mostly composed of organically 
complexed metal ions. Significant amounts of metal release occurred 
with an organic chelating solution, a reducing solution, and a di-
lute acid solution. Composite soil from I-4 and Padgett Creek demon-
strated a significant buffering capacity in a dilute acid solution 
and, consequently, raised the pH of the soil-mixture and resulted 
in minimal metal release. 
5. Finally, through comparison of soil characteristics and 
laboratory results, it was shown that I-4 and Padgett Creek had 
greater metal uptake and retention, most likely due to its greater 
organic and clay content and its buffering capacity. · 
6. Dog fennel has greater affinity for Zn and Cu than all 
o~her plants tested. 
Results of this study indicate there are some conditions for 
maximizing heavy metal uptake and retenti.on in floodplain areas 
and it is recommended that the following conditions be maintained: 
1. Erosion processes should be minimized to retain the or-
ganic and clay content of the floodplain soils. Overland flow 
should be maximized to allow for contact with soil and settling 
of highway runoff particulates. 
132 
2. Defoliation practices at highway bridge sites should be 
avoided. Plant do not represent a significant amount of po-
tentially mobile heavy metals and plant cover would help mitigate 
erosion and inrrnobilize heavy metals. 
3. Considering the metal release observed under reduced con-
ditions, stagnant and anaerobic water should be avoided. An aerobic 























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































CHECKS ON LABORATORY PROCEDURES 
165 
TABLE G-1 
REPRODUCIBILITY RESULTS FOR PANICUM SP. 
AND COMPOSITE SOIL SAMPLES 
Metal Concentration 
Date Location Parameter (ug/g drv weight) 
Cd Zn Cu Fe Pb 
8/13 S-2 at Number of 4 4 4 4 4 
U.S. 17-92 and Observa-
Shingle Creek tions 
Location 
S .R. 192 and 
Shingle Creek 




-x 0.30 147. 14.6 272. 73.8 
a 0.14 15.3 1. 37 43.6 13.1 
COMPOSITE SOIL SAMPLES 
(3 Observations) 
Statisti.cal Metal Concentration 
(ug/g drv weight) Analysis Cd Zn Cu Fe Pb 
-x UD 13.8 2.57 .545. 27 .• 6 
a 0.0 o. 82 0.13 59.3 . 2. 85 
-x UD 9.63 1.44 607. 42.3 
a o.·o· 0. 39 0.14 96. 8.6 
-x UD 235 18.5 4501. 809 











1. 3 0.92 
166 
Tf~LE G-2 
DISSOLVED OXYGEN MEASUREMENTS 
Cacl
2 
- Metal Release 
(O.lN CaC12 stock solution alone - D.O. - 8.8 mg/1) 
Total 
Time in D.O. Measurement (mg/l) 
Closed CaCl2 I-4 17-92 192 
Bottle Blank 1 2 1 2 1 2 
1 day 8.8 8.3 8.72 8.85 8.8 8.7 8.75 
7 days 9.8 9.2 9.1 9.2 :' 9. 5 8.7 8.4 
100 ppm blank - 9.6 mg/l 




S.R. 192 and 8.7 9.8 
Shingle Creek 
S. R. 17-92 and 8.6 9.3 
Shingle Creek 
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